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It is the purpose of this paper to present the results of a study of 
the response of the lymphatics of the peritoneum to cancer cells 
which escape into the peritoneal cavity and often become implanted 
on its serous membrane. Special reference will be made to the origin 
and significance of newly formed lymph vessels in these metastases. 

It has been clearly demonstrated, in a recent paper! by the 
writer, that the pathogenesis of these peritoneal metastases is but 
the attempted repair of injuries to the peritoneum caused by cancer 
cells which have escaped into the peritoneal cavity, lodged on the 
surface of its serous membrane and continued to grow in their new 
situation. The various stages in this process are similar to those 
encountered in the repair of tissues injured by foreign bodies and in 
the taking of skin grafts, namely the healing of wounds. The histo- 
logical structure of these implants varies with the reaction of the 
peritoneum before and after the fixation of cancer cells, the activity 
of the latter and the age of the implants. As a result of these repara- 
tive processes carcinoma becomes embedded in the peritoneal scar, 
encapsulated on its surface, enmeshed in adhesions or, like a surgi- 
cal skin graft, grows on the surface of the peritoneum without en- 
capsulation. All stages in the pathogenesis of these lesions are 
illustrated in the above mentioned paper’: the escape of cancer cells 
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into the peritoneal cavity from the ovarian tumor, the presence of 
these cells in the ascitic fluid which usually accompanies this con- 
dition, the fixation of the cancer cells by fibrin on the surface of the 
peritoneum, and the other reactions of the injured peritoneal tissue 
manifested either by fibroblasts and other wandering cells alone or 
by these cells and newly formed blood capillaries which grow out 
through breaks in the mesothelium. The latter phase represents the 
granulation tissue stage of this type of implant which becomes trans- 
formed into a fully organized tumor with its permanent connective 
tissue stroma and blood vessels which are derived from its host. 

Further studies, since the publication of the previous paper,’ have 
taught me that in some instances a marked local proliferation of 
mesothelial cells may also occur in patients with peritoneal car- 
cinomatosis and may play an important réle in the pathogenesis of 
some implants. The cancer cells become surrounded by these pro- 
liferated cells which may form a part of the granulation tissue if the 
latter should develop. I have not been convinced that during the 
involution of the granulation tissue the mesothelial cells become 
converted into connective tissue cells. I do not know what happens 
to them. 

The granulation tissue in which cancer cells become embedded 
presents a variety of forms depending on the reaction of the peri- 
toneal tissues. In some instances it is scanty and low and at other 
times it is exuberant, as has been well shown in the previous paper ! 
and will be illustrated again in the present study. The character of 
this tissue plays an important réle in determining the form and 
structure of the mature implant. 

The majority of the implants on the surface of the peritoneum, 
which result from the embedding of cancer cells in granulation 
tissue, are well suited for the study of the present problem since the 
greater portion of them, or even the entire metastasis, may jut 
beyond the surface of the serosa. The stroma including the vessels 
in the portion of the metastasis above the peritoneum must be newly 
formed. Many of these protruding implants resemble polyps which 
may be sessile with solid or fenestrated bases. In other instances the 
polyps may be attached to the peritoneum by one or more vascular 
pedicles which may be short or long, thick or slender. A study of 
these implantation metastases will convince one that they possess 
potentialities of invasion and dissemination similar to those of a 
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primary growth. If any of the carcinoma of the implant is exposed 
to the peritoneal cavity cancer cells may readily escape into that 
cavity and give rise to secondary implantations on the peritoneum. 
By the continuous extension of carcinoma in the base or pedicle of 
the implant the tissues of the host are invaded. 

The lymph vessels of the host just beneath the base or pedicle of 
the implant may contain carcinoma which may be positively proved 
to be continuous with that in the peritoneal growth above it. In 
other instances this continuity cannot be established. I interpret 
both of these phenomena, in the majority of the cases which I have 
studied, as an indication of the invasion of these vessels by cancer 
cells from the nearby implant rather than evidence of retrograde 
lymphatic permeation or metastasis from the primary ovarian 
tumor and the origin of the peritoneal implant in this manner. In a 
few instances the histological picture suggested the presence of 
lymph vessels in the implant with carcinoma in them. These find- 
ings aroused my curiosity and induced me to study the problem 
presented in this paper. 


THE PERITONEAL LYMPHATICS AND THEIR RELATION TO THE 
PERITONEAL CAVITY 


The following descriptions of lymphatics, which might be of assist- 
ance in the study of this problem, are taken from Maximow.” “The 
lymphatic capillaries are thin-walled blindly ending tubes which 
form a dense network in most tissues of the body. ... They have 
irregular shapes and are constricted in some places and dilated in 
others. ... They branch abundantly and anastomose freely with 
one another. ... Dilatations occur frequently where several capil- 
laries join. ... The lymphatic networks are often located beside 
networks of blood capillaries. ... As a general rule, the lymphatic 
networks are farther from the surface of the skin or mucous mem- 
brane than the blood capillary networks.... Further, the lym- 
phatic networks are distinguished from the blood capillaries by 
ending blindly in rounded or swollen ends.... The wall of the 
lymphatic capillaries is formed by a single layer of flat endothelial 
cells; these are slightly larger and thinner than those of the blood 
capillaries. ... Each cell contains an oval flattened nucleus... . 
In sections of collapsed lymphatic capillaries, only the endothelial 
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nuclei can be seen and these cannot be distinguished from the nuclei 
of the surrounding fibroblasts. ... The lymph passes from these 
capillary networks into lymphatic vessels which have slightly thicker 
walls and valves. ... Although valves are not present in all lym- 
phatic vessels, when they occur they are usually much closer to- 
gether than those in veins.” 

According to Hertzler: “The lymph vessels of the peritoneum are 
distributed everywhere, there being a detailed variation only in the 
arrangement and in the ease with which they are demonstrated. . . . 
They form a network of channels, beneath the basement membrane 
of the peritoneum in the same stratum that the blood vessels occupy, 
or more deeply, as von Recklinghausen believes.... The lym- 
phatics of the visceral peritoneum in the intestinal tract unite with 
those of the mesentery. ... Those over the solid parenchymatous 
organs unite with the lymph system of the organs, while those of the 
parietal peritoneum become a part of the lymph system of that 
region.” 

Many contributions have been made to the lymphatics of the 
various organs and structures on the peritoneal surfaces of which 
carcinoma may become implanted. However, it seems to me that 
too little attention has been paid to the lymphatics of the peri- 
toneum itself in these situations. A knowledge of the distribution of 
the serosal and subserosal lymph capillaries in all portions of the 
peritoneal cavity, with special reference to their distance from the 
surface of the serosa and their relation to the blood capillaries, is of 
the greatest importance in the study of this problem. I have found 
Andersen’s contribution * to the lymphatics of the Fallopian tube 
very helpful in the study of the origin of possible lymphatics in the 
stroma of carcinomatous implants on the surface of that organ. 
With the assistance of her illustrations I have been able to identify 
more definitely the non-injected serosal lymphatics of the tube in 
my sections. 

It has been demonstrated by many workers that small particulate 
matter such as lamp black and cinnabar, which has been introduced 
into the peritoneal cavity of lower animals, soon appears in the 
lymph vessels and lymph nodes above the diaphragm of these 
animals. 

Drinker and Field * recently have given an excellent presentation 
of the lymphatics draining the peritoneal sac. According to them, 
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“von Recklinghausen, in 1862, called attention to the diaphragm as 
the most important path for absorption of intraperitoneal foreign 
particles.” ‘‘Casparis,” they say, “has shown that omental lym- 
phatics are responsible for a small fraction of particle absorption 
from the peritoneal cavity.” They state: “It is generally agreed 
that the parietal peritoneum is of little importance in dealing with 
particles and that the mesenteric peritoneal surface is also unim- 
portant.” These authors also note that “the size of particles taken 
into lymphatics by the diaphragmatic route may be very large, 
the red cells of birds being taken up rapidly when injected into the 
peritoneal sac of mammals.” 

MacCallum ° has shown that there are no actual communications 
between the peritoneal cavity and the lumina of the lymphatics of 
the diaphragm. On the other hand, he has demonstrated that 
phagocytes laden with pigment escape from the peritoneal cavity 
into the diaphragmatic lymphatics by passing between the meso- 
thelial cells covering the diaphragm and also between the endothelial 
cells lining the lymph channels. Through a similar route free parti- 
cles in the peritoneal cavity are aspirated into these lymphatics by 
the mechanical force of the respiratory movements which during 
inspiration causes a momentary separation of the cells covering the 
diaphragm and those lining its lymphatics. 

Cunningham ’ believes that this material passes through the 
living protoplasm of the mesothelial and endothelial cells rather than 
between these cells. 

Florey,* as a result of similar studies, presents evidence that intra- 
abdominal pressure is the factor controlling the rapid absorption of 
fluids and particles by way of the diaphragmatic lymphatics. His 
illustrations show the passage of graphite ink out of the peritoneal 
cavity between the mesothelial cells and not through their proto- 
plasm. 

The abdominal cavity of patients with peritoneal carcinomatosis 
is usually distended with fluid containing in suspension particulate 
matter, namely cancer cells, which have escaped into this cavity. 
Is it possible that the distention caused by this fluid might separate 
some of the mesothelial cells covering the peritoneum of the ab- 
dominal walls and diaphragm and that increased intra-abdominal 
pressure might force cancer cells, suspended in the ascitic fluid, 
through the resulting gaps between the mesothelial cells into the 
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peritoneal tissues? Carcinoma is found in the serosal lymph vessels 
of patients with peritoneal carcinomatosis. Pleuritic carcinomatosis 
secondary to peritoneal carcinomatosis occurs but it is an unusual 
complication in the early stages of the latter condition. Carcinoma 
implanted on the under surface of the diaphragm may invade this 
structure and appear on its upper surface in the same manner that 
the neoplasm in any implant invades the tissues of its host. It seems 
unlikely to me that cancer cells, so often present in the ascitic fluid 
of these patients, could gain access to the lumina of the serosal 
lymph vessels by passing between or through the mesothelial cells 
covering the surface of the peritoneum and the endothelial cells 
lining the peritoneal lymphatics as the red blood corpuscles of birds 
and particles of lamp black and cinnabar introduced in the peri- 
toneal cavities of mammals reach the diaphragmatic lymph chan- 
nels. The cancer cells in ascitic fluid usually occur in clumps. The 
size of these clumps should prevent their ready passage into the 
serosal lymph channels. The reaction of peritoneal tissues towards 
cancer cells may interfere with the permeability of these tissues. 
The way that cancer cells, floating about in ascitic fluid, actually 
reach the lumina of the peritoneal lymph vessels will be presented 
later in this paper. 


THE STATUS OF THE RESPONSE OF LYMPHATICS TO INJURY AND 
OF THE PRESENCE OF NEWLY ForMED LymMPH VESSELS IN 
GRANULATION TISSUE, ADHESIONS AND NEOPLASMS 


Reichert,’ in 1926, published the results of a series of experiments 
demonstrating the remarkable regenerative ability of severed lym- 
phatics following the replanting of the hind legs of dogs after a 
circular incision through the middle third of the thigh, leaving only 
the femoral artery and vein and the femur. The extremity, thus 
nearly amputated, was replanted by a careful approximation of the 
muscle stumps and skin edges with silk sutures. At varying inter- 
vals, of from two days to fourteen months after the operation, di- 
luted India ink was injected into the foot pads and skin of the leg 
and thigh distal to the operative line and also into the popliteal 
lymph node. Several hours later the animals were killed with ether. 
In some instances the arterial system was also injected with a white 
bismuth mass. New lymphatics were shown to have crossed the 
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scar of the incision as early as the fourth day. By the eighth day the 
regeneration was physiologically adequate in both the deep and the 
superficial sets of lymphatics. Concurrent experiments showed that 
compensatory arterial and venous regeneration occurred by the 
third and fourth days respectively. 

Clark and Clark, in 1932, demonstrated the new growth of lymph 
vessels in the rabbit’s ear. By means of transparent chambers in- 
serted in the ears of this animal they were able to study, under the 
microscope, the growth of lymph vessels as well as blood vessels and 
other tissues present in the observation area. All structures in this 
area were newly formed and had invaded the hole which had been 
cut through the ear at the time of the installation of the chamber. 
By this device they were able to observe the growth of the same 
living vessels over a period of several weeks. According to their 
observations the lymphatics are more sluggish than blood vessels in 
their reactions. The growth of new lymphatics is always subsequent 
to that of the blood vessels by days, weeks or months. They send 
out fewer sprouts, form fewer anastomoses and are more easily 
blocked in their advance but, once formed, they are more stable and 
more persistent than the new blood capillaries. 

McMaster and Hudack,’! in 1934, demonstrated the response of 
the lymphatics of the skin of the ears of mice to incisions and burns 
by injecting the lymphatics of the ear at varying intervals after the 
injury. Occasionally on the sixth and seventh days and characteris- 
tically from the eighth day on, after the incision of the skin of the 
ear, evidence of new formation of lymphatics was observed. They 
found that lymphatic drainage might be instituted from areas of 
repair before the drainage of the blood vessels. Thus, severed lym- 
phatics seemed to have reunited before there was evidence of func- 
tioning blood vessels. Great numbers of new lymphatics were seen 
by them in the areas recovering from burns. When the latter had 
been severe enough to cause necrosis and perforation of the ear 
many tiny lymph capillaries were found in the granulation tissue of 
the healing margins, obviously taking their place in actively growing 
tissue. 

Coffin,’ in 1906, twenty-eight years before McMaster and 
Hudack’s "™ work, demonstrated the growth of lymphatics in granu- 
lation tissue but did not mention in his report the kind of animal 
used. A loop of intestine was brought outside of the abdominal 
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wall. Ten days later the lymphatics of this loop were injected. In- 
jected lymph vessels could be seen in the granulation tissue which 
had developed on the exposed surface of the intestine. By means of 
serial sections through the intestinal wall and overlying granulation 
tissue he found that the original lymphatics of the wall were filled 
with the injection mass and that sprouts had arisen from these and 
had invaded the granulation tissue. 

Poirier," in 1890, described very accurately the injection of lym- 
phatics in adhesions which extended from the posterior surface of 
the uterus to the rectum and the pelvic wall. He observed that 
when he punctured very superficially the surface of the uterus, as in 
injecting the serosal lymphatics, the lymphatics in a small area of the 
peritoneum were filled. At the same time the injection mass (mer- 
cury) invaded the lymphatics of the adhesions and from these ex- 
tended to large lymph vessels of the rectum and pelvic wall and 
even reached neighboring lymph nodes. He believed that the lym- 
phatics in these adhesions arose from a sprouting and outgrowth of 
the lymphatics of the uterine serosa, caused by a prolonged inflam- 
mation of uterine origin. It would seem to me that the presence of 
lymphatics in these adhesions was due to the formation and persist- 
ence of similar vessels in granulation tissue which preceded the 
adhesions and from which the latter were derived. 

Manasse," in 1894, described what he believed to be lymph ves- 
sels in polypoid granulation tissue on the tympanic membrane from 
a patient with chronic purulent otitis media. He states that these 
vessels terminated with patent lumina on the surface of this granu- 
lation tissue. From his description of these channels as well as from 
his illustrations I am not fully convinced that they were lymph 
vessels. 

Talke,”® in 1902, found newly formed lymph vessels accompany- 
ing blood vessels in adhesions about the ascending colon. He also 
described various types of newly formed lymph vessels in organized 
pleuritic membranes. He was able to establish the continuity of 
some of these vessels with preéxisting lymphatics in the pulmonary 
pleura beneath the membrane. Unfortunately there are no illustra- 
tions in his paper. However, I believe that at least some of the 
channels described by Talke were lymph vessels. 

The above mentioned experiments and observations have an im- 
portant bearing on the solution of the problem presented in this 
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paper. Since lymphatics respond to operative trauma and are re- 
generated in the same manner and in some instances as quickly as 
blood vessels, we might infer that newly formed lymphatics might be 
present in the stroma of some implantation peritoneal metastases 
containing newly formed blood vessels. However, this might be 
possible only when lymph capillaries accompany the blood capil- 
laries of the host from which the newly formed blood vessels of the 
tumor are derived. When the lymph capillaries are more deeply 
situated below the surface of the peritoneum, as is apparently a fre- 
quent occurrence, they might be out of range of the traumatic or 
stimulating agent causing the outgrowth of the endothelial cells of 
the blood capillaries. 

It has been shown that newly formed lymphatics arise in granu- 
lation tissue from preéxisting lymphatics in lower animals and have 
been found in peritoneal and pleuritic adhesions in human beings. 
If present in adhesions they also should have been present in the 
granulation tissue from which the adhesions were derived. Granu- 
lation tissue plays a very important réle in the development of 
many of the implantation metastases on the peritoneum. It forms 
the foundation (base or pedicle), the framework (stroma) including 
the blood vessels, and the walls and roof (capsule) of many of these 
metastases. In fact it forms the entire tumor except the cancer cells. 

Implantations of cancer frequently occur on the surface of the in- 
testine. Since it has been shown by Coffin * that newly formed 
lymphatics develop in experimentally produced granulation tissue 
on the surface of the intestine we may infer that they might some- 
times arise in granulation tissue caused by the lodgment of cancer 
cells on the surface of the intestine of human beings, if the distribu- 
tion of the lymphatics is the same in both instances. We likewise 
may infer that newly formed lymphatics might sometimes occur in 
the stroma of other neoplasms containing newly formed blood 
vessels. 

Lee and Tilghman " in a recent paper reported the results of the 
intratesticular inoculation of ten rabbits with a suspension of trans- 
plantable rabbit carcinoma and they presented a careful study of the 
relation between the lymph vessels of the testis and cancer masses 
in that organ. They also reviewed the literature on the lymphatics 
of malignant tumors and criticized observations made by Krause " 
and by Evans.'’* At varying intervals, after artificial implantation 
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had been produced, the lymph vessels of the testis were injected 
with India ink or a saturated solution of Berlin blue. In five of the 
animals the blood vessels were also injected. They were unable to 
demonstrate any lymphatics in the cancer masses. The only situa- 
tion in which lymph vessels were found in close proximity to car- 
cinoma was where this growth was invading normal testicular tissue 
containing preéxisting lymphatics. They have given an excellent 
description of the carcinomatous invasion and subsequent destruc- 
tion of these lymphatics. 

Lee and Tilghman ™ made serial sections of a small nodule of 
carcinoma, about 4 mm. in diameter, attached to the surface of the 
tunica vaginalis propria of the testis. The lymph vessels of the 
tunica vaginalis beneath the nodule were well injected but branches 
from these did not extend into the nodule. The writers believed 
that this nodule arose from the growth of cancer cells which had 
become implanted on the surface of the tunica. They state that it 
was common to see such isolated cancer nodules throughout the 
entire peritoneal cavity. These writers compare the results of their 
study of the lymphatics of implantation carcinoma on the peri- 
toneum of the rabbit with a similar study made by Goldmann ¥ in 
mice. 

The latter worker studied both the blood and lymph supply of 
mouse carcinoma transplanted into the peritoneal cavity. To 
demonstrate the lymphatics he injected ink into the lymph vessels 
of the loop of the intestine on the surface of which a metastasis was 
present. The injections were made only into the submucosa as this 
layer is apparently the only one in the intestinal wall of the mouse 
that has a lymph plexus. He showed that a tumor mass which had 
become attached to the surface of the intestine received an abundant 
blood supply from its host but in no instance were any lymph vessels 
seen extending from the intestinal wall to the metastasis. 

The observations of Goldmann ” were in entire accord with those 
reported by Lee and Tilghman.” The latter call attention to an 
interesting and, I believe, a very important difference in the two 
sets of experiments. In the mouse the lymphatic plexus nearest the 
cancer was separated from it by two layers, the muscular and serous 
coats, whereas in the rabbit the cancer was situated directly in the 
serous coat into the lymph vessels of which injections were made. 
Apparently even the greater proximity of lymph vessels and cancer 
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did not facilitate any lymphatic extension into the carcinoma. Lee 
and Tilghman * in their description of the microscopic examination 
of the nodule of cancer implanted on the tunica vaginalis of the rab- 
bit’s testicle state: ‘‘The scant blood supply to this mass was de- 
rived from a few small vessels which passed through the delicate 
areolar tissue connecting the nodule to the testis.... The small 
tumor was quite compact, in spite of the numerous areas of necro- 
sis; no loose areolar tissue surrounded the blood vessels.”” From my 
own studies I would not expect to find lymphatics in the nodule 
described by them. I have been able to detect them only in the 
stroma of metastases either with many blood vessels in it or in 
stroma in which I judged that at one time (during the granulation 
tissue stage) the blood vessels had been numerous: I have not ob- 
served them in all of these. The lymphatics usually accompany the 
blood vessels and cannot be detected when their walls are com- 
pressed. The metastasis described by Goldmann '* had an abundant 
blood supply but, as pointed out by Lee and Tilghman,” the lym- 
phatic plexus of the intestinal wall of the mouse, which had been 
injected, was separated from the metastasis by the muscular and 
serous coats. 

Krause,” in 1863, by injecting the lymphatics of the skin adjacent 
to tumors demonstrated the presence of lymphatics in the tumors 
and showed that they were continuous with those in the skin. Lee 
and Tilghman ™ reviewed the work of Krause and believed that it 
was quite possible that these lymphatics ‘‘were in normal tissue 
which was about to be invaded by the cancer growth.” 

Evans,'* in 1908, by injecting the lymphatics in the region ad- 
jacent to a metastatic sarcomatous nodule in the wall of the intestine 
demonstrated lymph channels which were continuous with pre- 
existing and neighboring lymph vessels. Lee and Tilghman * quote 
MacCallum as believing that Evans did not make it clear that the 
injected lymph vessels were actually newly formed in the tumor and 
not merely distorted and dislocated lymphatics which were origi- 
nally situated in the wall of the intestine. In their conclusions they 
stated: ‘Examination of the literature makes it doubtful whether 
any true newly formed lymph vessels were ever observed in cancer 
tissue; and transplantable rabbit carcinoma does not have any 
lymph vessels.” 
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MATERIAL AND METHODS OF STUDY 


The material for this problem was obtained from the gynecological 
service of the Albany Hospital. The work was carried on in the 
pathological laboratory of that hospital and the Albany Medical 
College. 

I wish to emphasize the importance of the following procedures: 
careful inspection of conditions present at the time of the operation; 
prompt removal of interesting bits of tissue and the immediate plac- 
ing of such material in a fixing solution; the making of sketches of 
gross specimens before they are sent to the laboratory; and the 
blocking of all tissue and the studying of the sections personally. In 
our laboratory the embedding of blocks of tissue and section cutting 
and staining are entrusted to a well trained technician, Miss Helen 
Buchan, who studies the gross specimen with me. She is present 
when the blocks are made and understands what may be expected 
in each block. She is not only skilled in making serial celloidin sec- 
tions but is also able to recognize under the microscope the different 
structures encountered in these sections, so that she can decide 
when serial sections are indicated. 

All of the tissue from which the sections shown in this paper were 
made was fixed in 10 per cent formalin and embedded in celloidin. 
I believe that this procedure lessens unequal tissue shrinkage and, 
therefore, fewer distortions and exaggerated tissue spaces occur 
than in paraffin embedding after formalin fixation. Since we often 
fix large pieces of tissue, sometimes the entire specimen, we have 
found formalin and celloidin better adapted to our needs. The 
sections were stained with hematoxylin and eosin. 

Serial sections are extensively used and are sometimes indis- 
pensable. In some instances all sections are saved, stained and 
studied, but more often every third or sixth section, according to the 
judged importance of the tissue, is stained and examined. Often a 
section is stained while cutting the block in order to ascertain better 
the exact condition present. If this section proves to be interesting 
serial sections are prepared. Otherwise, since serial sections, even 
when interrupted, are time consuming and frequently unfruitful, 
they are not made. 

I fully realize the great difficulties which are encountered in 
studying lymphatics which are not injected and the inaccuracies 
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which must result. The nuclei of their lining endothelial cells, for 
example, cannot always be distinguished from those of fibroblasts. 
Lymph vessels, especially small ones, with collapsed walls cannot be 
detected. Patent tissue spaces may sometimes be mistaken for 
lymph vessels, especially if, as too often happens, they are exagger- 
ated by the improper fixation and embedding of the tissue. Lymph 
vessels may also simulate empty veins. 

I have studied the nuclei of the endothelial cells lining unquestion- 
able lymph vessels and have learned that they do not always appear 
to be uniformly spaced and do not seem to be the same size in all lym- 
phatics. In addition, the appearance of these oval flattened nuclei 
varies with the angle at which they are viewed or cut in the section. 

Additional difficulties are encountered in the study of possible 
lymph vessels in granulation tissue on the surface of the peritoneum. 
These vessels may be confused with spaces arising from the incom- 
plete fusing of strands or different portions of granulation tissue or 
with spaces caused by the arching of granulation tissue over a por- 
tion of the surface of uninjured peritoneum. The latter condition is 
not as troublesome as the former because such spaces are usually 
partially or entirely lined by mesothelial cells which usually can be 
recognized. 

I believe that lymph vessels in granulation tissue usually accom- 
pany blood capillaries in the development of this tissue. When in 
granulation tissue a vessel, either empty or containing a few lym- 
phocytes and lined by endothelium-like cells, accompanies blood 
vessels which are filled with blood, this structure is probably a lymph 
vessel. If it can be traced, even with interruptions, towards a 
recognizable preéxisting peritoneal lymph vessel its identity is more 
certain. The only positive identification is to establish this con- 
tinuity. Although this continuity may exist it cannot always be 
detected, even in complete serial sections, because if the walls of a 
portion of the vessel be collapsed, this portion of the vessel cannot 
be distinguished from the tissues surrounding it. It is sometimes 
impossible to detect any lymph vessels in the peritoneum just be- 
neath the granulation tissue. This in many instances may be due to 
the compression of these vessels by the tissue surrounding them. 
It is noted in some instances that, when the vessels are dilated and 
easily seen, the peritoneal tissue is relatively loose and apparently 
edematous. Pullinger and Florey *° have shown that lymph vessels 
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are intimately connected with the tissue surrounding them and that 
this connection is responsible for the dilatation of the vessels seen in 
the localized edema experimentally produced by these workers. 

I shall present some of my observations in the study of this ma- 
terial and shall give my interpretation of these. I fully realize that, 


due to technical difficulties, some of these interpretations may be 
erroneous. I desire others to draw their own conclusions, not only 
from the conditions portrayed in the photomicrographs of this paper 
but, of much greater importance, from the study of similar material 
of their own in which, if possible, the lymph vessels have been 
injected. 


THE SOLUTION OF THIS PROBLEM 


The polypoid implants are the ones that are best suited for the 
study of this problem since the portion of the implant that juts 
above the surface of the peritoneum must be newly formed and is 
easily seen. It is true that all of this tissue, except the cancer cells, 
is derived from the peritoneum. Furthermore, carcinoma is re- 
sponsible for the development of the tissue that forms the stroma of 
the implant. A given polypoid implant may arise in two ways. In 
one, an exuberant growth of granulation tissue develops about 
cancer cells which have lodged on the surface of the peritoneum. 
In the other, cancer cells lodge on and become enmeshed in growing 
granulation tissue which is often present in these cases. Carcinoma 
is not always present in all portions of this tissue. If cancer cells 
become embedded in a portion of this tissue which may or may not 
contain carcinoma it may be claimed that they have become im- 
planted in preéxisting newly formed tissue which has not been 
caused by these particular cancer cells. I believe that that is a 
quibble since the granulation tissue in which the cells are implanted 
was caused by carcinoma and will continue to develop and form the 
stroma of any neoplasm growing in it. 

Polypoid implants are of frequent occurrence and present a va- 
riety of forms, all stages in the life histories of which may often be 
found in the material obtained from one patient. The develop- 
mental history of these implants is that of granulation tissue which 
arises on the surface of the peritoneum and is modified by the pres- 
ence of a growing and invading foreign body, namely, the carcinoma 
which caused the granulation tissue to form in the first place. 
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We must first consider the life history of granulation tissue and 
that of its component elements. Excellent descriptions of this tissue 
may be found in the standard textbooks of pathology including those 
by Adami,” Aschoff,”? Bell,” Borst, Boyd,” Delafield and Prud- 
den,”* Green,?” Karsner,”® Kaufmann,?? MacCallum,*® Mallory, 
Muir,* Ribbert,* and Ziegler.** Only three of these authors mention 
the presence of lymphatics in granulation tissue: Delafield and Prud- 
den base their statement on the work of Talke,” Karsner on that of 
McMaster and Hudack," and MacCallum on that of Coffin.” Since 
Coffin,” Clark and Clark,!° and also McMaster and Hudack ™ have 
found lymph vessels in granulation tissue experimentally produced 
in animals we would expect to find them in granulation tissue that 
results from injury and disease in human beings. The demonstration 
of lymph vessels in peritoneal adhesions by Poirier ® and in both 
peritoneal and pleuritic adhesions by Talke » indicates that they 
might have been present in the granulation tissue that preceded the 
adhesions. It is evident that if lymph vessels occur in granulation 
tissue in human beings and are of any scientific interest and clinical 
importance they deserve a greater recognition than has been ac- 
corded them in the past. 

The entire life history of granulation tissue is interesting, not 
only its origin and development but also its retrogression or involu- 
tion after the removal of the exciting cause. In this problem we are 
especially concerned with the origin of its blood vessels and the fate 
of the overabundant supply of these, because if lymph vessels are 
present we would expect them frequently to accompany the newly 
formed blood channels. Because of involutionary changes in the 
blood vessels, as well as pressure exerted by the increasing density of 
the surrounding tissue, many or even all of these vascular channels 
may disappear. If lymph vessels are present in granulation tissue 
their very structure is such that they might be even less able than 
blood vessels to resist involutionary changes and pressure exerted 
by surrounding tissues. However, Clark and Clark ! believe that 
they are more stable and persistent than the newly formed blood 
vessels in this tissue. 

Granulation tissue arising on the surface of the peritoneum has a 
life history similar to that of granulation tissue elsewhere except as it 
may be modified by the structure of the peritoneum. All that may 
remain of an exuberant growth of this tissue on the peritoneum is a 
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slight local peritoneal thickening and this is not always present. In 
other instances adhesions result but in time even these may dis- 
appear. 

When cancer cells are present in granulation tissue on the surface 
of the peritoneum the exciting cause of this tissue remains. This 
results in a persistence of the stroma and blood supply of the new 
growth. Therefore the granulation tissue stage of the implant is pro- 
longed, thus deferring or even preventing the complete involution 
of this tissue. 

Granulation tissue without demonstrable cancer cells in all parts 
of it is frequently present on the surface of the peritoneum in pa- 
tients with peritoneal carcinomatosis. This condition is more apt to 
be found early in the disease but may be observed in any stage. It 
appears that sometimes cancer cells escaping into the peritoneal 
cavity may cause local serosal reactions without being demonstrable 
in all portions of the resulting granulation tissue. 

Granulation tissue with carcinoma in it differs from that without 
it in two respects— first, in the presence of the tumor, and second in 
the distortions caused by the growing neoplastic cells. It is obvious 
that if lymph vessels occur in granulation tissue without cancer cells 
in it they must also be present in nearby similar tissue containing 
carcinoma, even though they may not be recognized as such because 
of the compression or occlusion of their lumina by the neoplasm. 
If lymphatics are not found in cancer-free granulation tissue from 
patients with peritoneal carcinomatosis they probably are not pres- 
ent in similar tissue containing carcinoma. Therefore, if we can 
demonstrate the presence of lymph vessels in cancer-free granulation 
tissue from these patients we may reasonably conclude that they are 
also present in the implants themselves, the stroma of which has 
been derived from this tissue. 

I shall first demonstrate newly formed lymph vessels in cancer- 
free granulation tissue on the surface of the peritoneum of patients 
with peritoneal carcinomatosis. Structures which I believe to be 
newly formed lymph vessels have been found in such granulation 
tissue on the parietal peritoneum and on the peritoneum covering 
the appendix, Fallopian tubes, uterus, omentum and epiploic ap- 
pendages. I have never seen them in granulation tissue on the sur- 
face of the ovary or in implants arising in this situation. 
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CASE REPORTS 


The illustrations with their legends present my observations and 
interpretations better than any written description alone. The 
purpose of the brief reviews of the following cases is to codrdinate 
and supplement these. 


CasE 1. The patient, A. H. No. 9272-34, had a large adenocar- 
cinoma of the left ovary, which had extended through the surface 
of that organ and had possibly superficially invaded the mesentery 
of the small intestine which was adherent to the tumor. Turbid 
fluid was present in the peritoneal cavity. Cancer cells were found 
in the sediment obtained by centrifugalizing this fluid. An early 
peritoneal carcinomatosis was found on the posterior surface of the 
right uterine cornu and on the surface of the adjacent ovary. The 
patch of cancer-free granulation tissue on the parietal peritoneum, 
shown in Figures 1 to 12 inclusive, was situated lateral to the ab- 
dominal incision and directly over the ovarian tumor. In the illus- 
trations it is important to note that newly formed lymph vessels 
are present in this granulation tissue. They arise from preéxisting 
lymph vessels in the underlying peritoneum and with the newly 
formed blood vessels extend into the tufts of granulation tissue. In 
some instances they reach the very tips of these tufts. These newly 
formed lymph vessels are situated in granulation tissue caused by 
carcinoma, the very tissue that forms the stroma of all polypoid 
implants as well as that of many of the other types. In this study 
of one small patch of granulation tissue on the parietal peritoneum 
the first step in the solution of our problem has been attained be- 
cause the sections show that lymphatics have grown from preéxist- 
ing lymph vessels into this newly formed granulation tissue. Fur- 
thermore, the findings in this granulation tissue indicate that newly 
formed lymph vessels sometimes may occur in similar tissue con- 
taining cancer cells and in the stroma of mature implants. Newly 
formed lymph vessels also may be present in the stroma of some 
primary neoplasms containing newly formed blood vessels. It is 
evident that when newly formed lymph vessels occur in the stroma 
of any carcinoma an early lymphatic-dissemination of the growth is 
more possible than when they are not present. 

The granulation tissue on the posterior surface of the right uterine 
cornu is evidently of more recent origin than that just described (see 
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Figs. 13 to 21 inclusive). Long strands of this tissue arise from the 
peritoneum and are arranged in varied and fantastic shapes. Cancer 
cells have evidently been caught in these strands like flies in a 
spider’s web, and various stages in their implantation are present. 
These strands are very vascular and in many instances contain 
blood vessels which are accompanied by vessels or channels lined by 
endothelium-like cells. These possible lymph vessels can be followed, 
with interruptions, to similar vessels in the portions of the strands 
attached to the peritoneum. It is impossible to trace the vessels in 
the base of the granulation tissue strands to preéxisting vessels in 
the peritoneum beneath them since lymph vessels cannot be detected 
in this portion of the peritoneum. Although they may be present 
in the peritoneum they may not be recognized on account of the 
compression of their walls by the denser tissue in this situation. I 
realize that at least some of the lymph vessel-like structures in these 
strands of granulation tissue may be spaces created by the incom- 
plete fusion of adjacent portions of this rapidly growing tissue. How- 
ever, I doubt if this theory of origin can explain the histogenesis of 
all the spaces. The strongest points in favor of the lymphatic char- 
acter of some of these possible lymph vessels are: they accompany 
newly formed blood vessels and in structure they are indistinguish- 
able from proved lymph vessels in the granulation tissue on the 
parietal peritoneum from the same patient. If this concept be true 
newly formed lymph as well as blood vessels may be said to be 
present in the tissues in which carcinoma is embedded. 

Case 2. The patient, A. H. No. 88548, had a papillary adeno- 
carcinoma of both ovaries and a similar carcinoma of the mucosa 
of the body of the uterus, associated with a widespread peritoneal 
reaction (granulation tissue) and ascites. Occasional clumps of 
cancer cells were found in this granulation tissue. Fully organized 
implants, however, were not detected. Certain features of this case 
have been published in two previous papers '** (see Cases 6 and 4 
of these). 

In the present paper photomicrographs of granulation tissue on 
opposite sides of the same Fallopian tube are shown. Judged newly 
formed lymph vessels are present in the granulation tissue in both 
situations. Cancer cells are not found in one patch of granulation 
tissue but are present in the other (see Figs. 22 to 25 inclusive). If 
we may believe the evidence already presented we may infer that 
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the stroma of the fully organized implants resulting from these 
lesions should contain newly formed lymph vessels as well as newly 
formed blood vessels. 

CAasE 3. The patient, A. H. No. 6293, had adenocarcinoma of both 
ovaries associated with an extensive peritoneal carcinomatosis. A 
large amount of ascitic fluid was present. An exploratory incision 
was made. The ovarian tumors were so firmly attached to the sur- 
rounding pelvic structures that it was deemed inadvisable to at- 
tempt to remove them. Small pieces of the peritoneum with im- 
plantations on its surface and also a small portion of the lower 
border of the omentum were carefully removed and immediately 
placed in formalin. A small pedunculated polypoid implant at- 
tached to the vesico-uterine reflection of peritoneum proved to be 
most interesting and is presented in Figures 26 to 32 inclusive. The 
stroma of this implant is abundant and in many places vascular. 
The newly formed blood vessels are frequently accompanied by 
channels or vessels lined by endothelium-like cells and without any 

‘ blood in their lumina. These judged lymph vessels are most evident 
in the stroma of the hilum of the kidney shaped tumor and in the 
opposite portion of its cortex. They can be traced from the cortex 
nearly to the midportion of the tumor. Here they are lost but seem 
to appear again in the stroma of the hilum of the implant. I believe 
that, at one time, they may have been present in the center of the 
tumor. At present they are not apparent in this situation, either 
because of the obliteration of their lumina by the denser tissue in 
this portion of the stroma or by carcinoma compressing or destroy- 
ing them. While carcinoma is found in close proximity to some of 
these lymph vessels actual invasion of their lumina is not observed. 
Lymph vessels accompany newly formed blood vessels in the pedicle 
of the implant as well as the preéxisting blood vessels in the base of 
the pedicle from which the newly formed blood vessels of the implant 
are derived. From the above evidence I have concluded that this 
implant is supplied with newly formed lymph vessels which accom- 
panied or followed the newly formed blood vessels in the develop- 
ment of the stroma of the tumor. The study of the non-polypoid 
implants on the parietal peritoneum and omentum also shows newly 
formed lymph vessels in the newly formed tissue in which the car- 
cinoma is embedded (see Figs. 33 to 38 inclusive). 

CasE 4. The patient, A. H. No. 3679-35, had an adenocarcinoma 
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of both ovaries and an associated peritoneal carcinomatosis. A 
large amount of ascitic fluid was present. Clumps of cancer cells 
were found in the sediment obtained by centrifugalizing this fluid. 
At the onset of the operation a small strip of the uterovesical reflec- 
tion of peritoneum, including a small superficial portion of the ad- 
jacent anterior uterine wall, was carefully removed and placed in 
formalin in order that the delicate implants on its surface might not 
be injured during the subsequent course of the operation. The uterus 
and both tubes and ovaries were then removed. All of the photo- 
micrographs from this case which are shown in this paper were made 
from sections of the small piece of tissue just mentioned. 

Early granulation tissue, with cancer cells embedded in it, is 
present on the surface of the anterior wall of the uterus just above 
the attachment of the uterovesical reflection of peritoneum. Cancer 
cells are being added to the surface of this tissue. Newly formed 
blood vessels have extended into the granulation tissue through 
breaks in the mesothelial covering of the peritoneum. In one por- 
tion of this tissue the newly formed blood vessels are accompanied 
by a judged newly formed lymph vessel which can be traced back to 
a preéxisting lymph vessel in the peritoneum. We may infer, there- 
fore, that if the sessile implant had matured its stroma would have 
contained newly formed lymph as well as blood vessels (see Figs. 
39 to 48 inclusive). 

A variety of pedunculated polypoid implants also are present. 
Sections of some of these show possible newly formed lymph vessels 
(see Figs. 52 to 72 inclusive). Their continuity with preéxisting 
lymph vessels in the peritoneum beneath the base of their pedicles 
cannot be established. This may be due to the inability to detect 
non-injected lymph vessels when their lumina are obliterated by the 
pressure of the tissues about them. However, in one implant with 
many pedicles judged newly formed lymph vessels are present in its 
stroma below the advancing carcinoma and also in all of its pedicles 
(see Figs. 63 to 72 inclusive). The continuity of the lymph vessels 
in the pedicles with preéxisting vessels in the peritoneum beneath 
their bases is very strongly indicated but cannot be definitely proved. 
The invasion of a preéxisting peritoneal lymph vessel by carcinoma 
can be seen in the advancing edge of a large sessile polypoid implant 
(see Figs. 73 to 76 inclusive). The invasion of a possible newly 
formed lymph vessel can also be seen in the less dense vascular tissue 
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of the base and advancing edges of the same implant (see Figs. 80 
and 81). Newly formed lymph vessels cannot be detected in the 
dense mass of carcinoma forming the greater portion of the implant. 

The judged extension of lymph vessels into low granulation tissue 
on the surface of the peritoneum is present in a few situations (see 
Figs. 114 to 117 inclusive, and also Fig. 124). 

CasE 5. The patient, A. H. No. 7467-30, had carcinoma of both 
ovaries, associated with an extensive peritoneal carcinomatosis. 
Both ovaries were adherent to the sides of the pelvis and posterior 
uterine wall with evidence that the ovarian tumors had invaded 
these structures. Implantations in various stages of development 
were present on the surfaces of the ovaries, the uterus, Fallopian 
tubes and epiploic appendages. The earlier stages of these lesions 
are seen at their best on the surfaces of two epiploic appendages. 

Sections show clumps of cancer cells in the sediment obtained 
from the centrifugalized ascitic fluid (Fig. 82), in the lumina of both 
tubes and in the lymph vessels of the ovaries and the walls of the 
uterus and the tubes. The arrangement of the cancer cells is the 
same in all of these situations and is also similar to that in the ova- 
rian tumors and in the metastases. All stages in the development 
of these metastases are present on the surfaces of two epiploic ap- 
pendages, yet carcinoma cannot be demonstrated in lymphatics of 
these structures (see Fig. 83). These peritoneal metastases are his- 
tologically identical with those on the surfaces of the tubes beneath 
some of which carcinoma is found in the lymph vessels of the tubal 
wall. Carcinoma is found replacing the mucosa of one of the tubes 
in two places. It is interesting that these are the only situations in 
which carcinoma is also found in the lymphatics of the mucosa 
of either tube. As previously stated, clumps of cancer cells are 
abundant in the lumina of both tubes. The relation between the 
cancer cells in the implants and those in the underlying lymphatics 
is an interesting problem. I am sure that this phenomenon would 
be considered by many pathologists a manifestation of retrograde 
lymphatic permeation and metastasis from the ovarian tumors. 
Some might even believe that the serosal implantations (metastases) 
in this case arose in this manner. The correctness of such an inter- 
pretation cannot be positively refuted. However, I believe that 
cancer cells in the ascitic fluid became enmeshed on the serosa of the 
Fallopian tubes as on the serosa of the epiploic appendages and like 
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primary tumors invaded the underlying structures. It is also quite 
possible that newly formed lymphatics in these implantations may 
have aided in the escape of cancer cells from the implants into the 
preéxisting lymph vessels of the tubal wall. The reasons for these 
interpretations are brought out in Figures 84 to 95 inclusive with 
their legends. 

CasE 6. The patient, A. H. No. 113036, had a large adenocarci- 
noma of the right ovary associated with an extensive peritoneal 
carcinomatosis. Photomicrographs are shown of sections from two 
sessile polypoid implants on the surface of the mesoappendix at its 
attachment to the appendix. Carcinoma has invaded the pre- 
existing tissues of their host beneath these implants. Of particular 
interest is the response of the peritoneal lymphatics of the appendix 
about the advancing margin of one of these implants (see Figs. 96 
to 98 inclusive). In this situation low granulation tissue has devel- 
oped, in which dilated lymph vessels are present. These vessels arise 
from preéxisting vessels which either expand in the newly formed 
tissue or actually grow out into it. All stages in the development of 
these dilated lymph vessels are present. One can follow the gradu- 
ally increasing response of these lymph vessels as one approaches 
the margin of the implant where the reaction is most marked. Can- 
cer emboli are found in some of these dilated lymph vessels. If 
newly formed lymph vessels are present in the implant proper they 
are either compressed or invaded by the carcinoma so that they 
cannot be recognized. It is quite possible that they are there 
and that the carcinomata in the lymphatics just described have 
reached their present situation through newly formed lymph ves- 
sels in the granulation tissue stroma about the advancing mar- 
gin of the implant. This is strongly suggested but cannot be 
definitely proved because serial sections were not made of these 
implants. 

CasE 7. The patient, A. H. No. 8025-33, had an adenocarcinoma 
of both ovaries associated with extensive peritoneal carcinomatosis. 
A large amount of ascitic fluid was present. Clumps of cancer cells 
were found in the centrifugalized sediment obtained from this fluid. 
A small implant on the surface of one of the Fallopian tubes was 
most interesting. A section of this implant (Fig. 102) illustrates the 
early granulation tissue stage in the development of a sessile poly- 
poid implant. Clumps of cancer cells are embedded in this granula- 


f 


LYMPH VESSELS IN CARCINOMATOUS PERITONEAL IMPLANTS 459 


tion tissue which forms the stroma of the metastasis. Judged newly 
formed lymph vessels are present in this stroma. Clumps of cancer 
cells can be seen in these vessels and in a judged dilated preéxisting 
lymphatic of the tubal serosa and also in a lymph vessel (possibly a 
continuation of the preceding one) situated in the superficial portion 
of the muscularis (see Figs. 110 to 113 inclusive). If our observa- 
tions and interpretations are correct the presence of newly formed 
lymph vessels in the stroma of this implant permit an earlier escape 
of the cancer into the lymphatic circulation than would occur if these 
vessels were not present. In addition, the expansion or actual out- 
growth of the serosal lymph capillaries, similar to those shown in 
Case 6, can be seen in low granulation tissue about the margin of the 
implant. Every stage in the development of these dilated lymph ves- 
sels in this newly formed tissue is present (see Figs. 105 to 108 in- 
clusive). These dilated lymphatics may play a very important réle 
in the early escape of cancer cells into the lymphatic circulation from 
carcinoma implanted on the peritoneum. This may well occur even 
in very small implants under circumstances in which the portal of 
entry may easily be overlooked. 

CasE 8. The patient, A. H. No. 92806, had carcinoma of both 
ovaries, associated with an extensive peritoneal carcinomatosis. 
Some of the findings in this case have been previously reported (see 
Case 4 of the former paper’). Photomicrographs of sections of two 
implants on the parietal peritoneum are shown in the present paper 
(see Figs. 118 to 120 inclusive). The conditions found in one of these 
implants possibly may represent the extension of carcinoma into a 
lymph vessel in the low granulation tissue on the surface of the 
peritoneum about the carcinoma. 


DISCUSSION 


The material for this paper was obtained from eight patients with 
peritoneal carcinomatosis of ovarian origin. It was selected because 
it demonstrates the response of the lymphatics of the peritoneum to 
cancer cells which escape into the peritoneal cavity and become im- 
planted on its serous surface. The origin of newly formed lymph 
vessels in the stroma of peritoneal implants is shown. The signifi- 
cance of these lymph vessels in the secondary spread of carcinoma is 
also indicated. 
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The various serosal reactions caused by cancer cells which escape 
into the peritoneal cavity from ovarian carcinomata have been 
described by the writer in a previous paper.'! The most striking of 
these reactions is the development of patches of granulation tissue. 
These patches are most abundant in patients with early peritoneal 
carcinomatosis but they may be found at other times in the course 
of the disease. The granulation tissue assumes various structural 
forms depending on the manner in which the new tissue grows 
from the peritoneum and on the stage of its development. This 
new tissue forms the stroma of all polypoid implants as well as that 
of many of the other types mentioned in the first part of the present 
paper. Early in the development of peritoneal implants cancer cells 
become enmeshed in this tissue, but they are not necessarily found in 
all portions of it. 

The polypoid implants are the ones that are best suited for the 
observation of possible lymph vessels in their stroma since all of the 
tissue which juts above the surface of the peritoneum must be newly 
formed and can readily be differentiated from the preéxisting tissues 
of the host. Studies are made of cancer-free polypoid granulation 
tissue first because, in the absence of the growing tumor cells, one 
may study this tissue more readily and so obtain all the information 
possible of its constituents. When carcinoma is present in this tissue 
the picture often becomes more complex, thus making it difficult to 
recognize all of the details. Further, one may reasonably conclude 
that the newly formed cancer-free peritoneal outgrowths caused by 
carcinoma consist of the same tissue as the stroma of true implants 
and that a careful study of the former will thus lead to a better 
understanding of the stroma of the latter. In this tissue vessel-like 
structures or spaces are found which usually accompany newly 
formed blood vessels. These spaces are lined by endothelium-like 
cells and appear to be continuous when followed in serial sections. Al- 
though their lumina are often empty, sometimes a few lymphocytes 
may be present within them. Frequently they may be followed from 
the place of attachment of the new tissue on the serosal surface to 
the very periphery of this tissue. These newly formed vessels in 
some instances can be traced to preéxisting lymph vessels in the 
underlying peritoneum, which are situated in the same stratum as 
are the blood vessels from which the newly formed blood vessels in 
the granulation tissue take origin. Newly formed lymph vessels in 
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granulation tissue may easily be confused with spaces created by the 
incomplete fusion of different portions of this tissue. When, how- 
ever, their continuity with preéxisting lymphatics in the underlying 
peritoneum can be established their identity is assured. Unfortu- 
nately this continuity cannot always be detected because the under- 
lying lymphatics may not be evident. 

The fact that newly formed lymphatics cannot always be found 
in this granulation tissue is probably to be explained in one of two 
ways: either the inability to recognize non-injected lymphatics, 
even if they are present, when their walls are compressed and their 
lumina obliterated by pressure from the surrounding tissue, or the 
possibility that they are not always present. If the lymph capil- 
laries in the organ or structure beneath the granulation tissue are 
more deeply situated than the blood capillaries, as is reported fre- 
quently to happen, they may be out of range of the stimulant caus- 
ing the granulation tissue. Under these circumstances the newly 
formed blood vessels in this tissue may not be accompanied by newly 
formed lymph vessels. As might be expected, newly formed lymph 
vessels accompanying newly formed blood vessels are also found in 
granulation tissue in which cancer cells are embedded. 

Preéxisting lymph vessels accompanying preéxisting blood vessels 
can be seen sometimes in the tissues beneath the attachment of the 
pedicles of mature polypoid implants to the peritoneum. Newly 
formed blood vessels accompanied by judged newly formed lymph 
vessels are found in the pedicles of these implants and also in their 
stroma above the pedicle. In one instance (Figs. 27 and 28) they are 
present in the stroma of the cortex of the implant, opposite its hilum, 
and can be traced backwards to very near the center of the implant 
where they are lost in the denser stroma in this situation. It is im- 
possible to establish the continuity of the non-injected lymph ves- 
sels in the stroma of mature implants when they are subjected not 
only to the pressure exerted by the increased density of the tissues 
of the stroma but also to that of the growing carcinoma about them. 
The latter not only compresses these vessels but may also invade 
and destroy them. The evidence just presented indicates that the 
stroma of some of the polypoid implants contains lymph vessels 
and that these accompany or follow the blood vessels during the 
development of the granulation tissue stage of the implant. Judged 
newly formed lymph vessels are also found in non-polypoid encap- 
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sulations of carcinoma on the surface of the peritoneum (see Figs. 
33, 34 and 35). These observations suggest that newly formed 
lymph vessels must also occur sometimes in the stroma of other 
malignant neoplasms containing newly formed blood vessels. 

In one instance (Case 7) an early (granulation tissue stage) sessile 
polypoid implant is present on the surface of the Fallopian tube 
(see Fig. 102). This implant contains judged newly formed lymph 
vessels accompanying the newly formed blood vessels. Carcinoma 
is present not only in these lymph vessels but also in a preéxisting 
lymph vessel in the muscularis of the tube beneath the base of the 
implant. This suggests that newly formed lymph vessels in even a 
very early implant may be invaded by the carcinoma and thus cause 
an earlier spread of the neoplasm into the lymphatic circulation 
than would occur if they were not present. Others may claim that 
the presence of carcinoma in a lymph vessel beneath the base of the 
implant is not only an indication that the growth in this vessel 
reached its present situation from the primary ovarian carcinoma 
through the lymphatics, but also that the implant on the surface of 
the tube arose by this route. It is true that carcinoma reaching the 
subperitoneal tissues in any way may extend through the peri- 
toneum to its surface and there cause a serosal reaction or even 
escape into the peritoneal cavity. The conditions found in this 
specimen in no way suggest the latter phenomenon (see Figs. 109 to 
113 inclusive). 

In some of the mature pedunculated implants carcinoma is found 
extending from the implants through their pedicles just as a primary 
carcinoma spreads. This extension may well have been through 
lymph vessels which have been demonstrated in the pedicles of 
similar implants not invaded by the carcinoma. In other implants 
the carcinoma not only extends through the pedicles but also is 
present in preéxisting lymph vessels beneath the attachments of the 
pedicles to the peritoneum. I believe that this latter condition may 
be a manifestation of the spread of carcinoma into the lymphatic 
circulation from the implant above it, in the cases which I have 
presented, rather than a retrograde lymph vessel permeation or 
metastasis from the original tumor (see Figs. 85 to 91 inclusive). 
Newly formed lymph vessels may well be present in the stroma 
of the implants just described but cannot be positively detected 
because of the scanty dense stroma present in these implants 
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and the compression and invasion of the vessels by the growing 
carcinoma. 

A most interesting observation in this study is the presence of 
dilated lymph vessels in low granulation tissue which has replaced 
the peritoneum (see Figs. 97, 98 and 105 to 108 inclusive). Some of 
these vessels apparently are preéxisting and have expanded in this 
newly formed tissue. In other instances the tips of preéxisting vessels 
apparently grow outward and form blebs or even small cysts in the 
less dense granulation tissue. A similar tendency to bleb formation 
is observed in the terminal portions of lymph vessels reaching the 
tips of the tufts of luxuriant granulation tissue. The tips are the 
youngest and most rapidly growing portions of the tufts and are 
therefore the least dense. If small clumps of cancer cells should 
become embedded in low granulation tissue of the peritoneum, as 
sometimes occurs, and if dilated lymph vessels should be present in 
this tissue near the carcinoma, the neoplasm may easily invade 
these dilated vessels and thus gain access to the deeper preéxisting 
lymph vessels from which those in the granulation tissue arose. 
Later, lymphatic permeation and the development of metastases 
may result from this invasion. The then insignificant embedded im- 
plants in the thickened peritoneum may easily be overlooked in the 
attempt to discover the portal of entry of carcinoma into the lym- 
phatics of the organ or structure beneath them. Possibly some of 
the ovarian carcinomata secondary to a primary growth in the in- 
testinal tract may arise in this manner. 

The spread of carcinoma in the lymphatics of patients with peri- 
toneal carcinomatosis is an interesting problem. If carcinoma is 
present in the lymph vessels of any organ or structure and if newly 
formed tissue containing newly formed lymph vessels is present on 
its serosal surface, the neoplasm in the preéxisting lymph vessels 
may readily gain access to the newly formed lymph channels. Under 
these circumstances conditions may arise that resemble some of 
those illustrated in this paper (see Figs. 125 to 131 inclusive). 


SUMMARY AND CONCLUSIONS 


Cancer cells that escape into the peritoneal cavity frequently 
cause reactions of its serosal lining leading to the implantation of 
some of these cells on the surface of the peritoneum. The most im- 
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portant of these reactions for the study of the problem presented in 
this paper is the formation of various types of granulation tissue in 
which the cancer cells become enmeshed. Cancer cells, however, are 
not necessarily found in all portions of this tissue. This granulation 
tissue provides the stroma for many peritoneal implants. 

In all parts of this granulation tissue spaces or vessels are found 
which are either empty or contain a few lymphocytes. They are 
lined by endothelium-like cells, usually accompany newly formed 
blood vessels, appear to be continuous when followed in serial sec- 
tions and, in some instances, can be shown to take origin from pre- 
existing lymphatics in the underlying peritoneum. In other in- 
stances, however, for reasons which have been given, these spaces 
cannot be detected or, if evident, their continuity with preéxisting 
lymphatics cannot be determined. They are found in all types of 
granulation tissue in patients with peritoneal carcinomatosis. They 
occur in the low as well as in the polypoid masses of this tissue but 
are more readily seen in the polypoid group. 

Certainly all of these spaces which can be shown to grow out from 
preéxisting lymphatics of the serosa into the overlying granulation 
tissue must be newly formed lymph vessels and, with newly formed 
blood vessels, take their part in the histogenesis of the stroma of 
carcinomatous implants. Some of these lymph vessel-like structures 
which have no apparent continuity with preéxisting lymphatics may 
be spaces created by the incomplete fusion of different portions of the 
growing granulation tissue. However, I believe that many of these 
unidentified structures are newly formed lymph vessels which, for 
various reasons, cannot be followed for their entire course. There- 
fore, the response of the serosal lymph capillaries to cancer cells 
which escape into the peritoneal cavity is, at least in some instances, 
similar to that of the blood capillaries and manifests itself by the 
growth of newly formed lymph vessels into the resulting granulation 
tissue on the surface of the peritoneum. This granulation tissue 
later forms the stroma of the mature implant. 

Newly formed lymph vessels are found in all portions of the 
stroma of all types of mature peritoneal implants in which newly 
formed blood vessels are present even though they cannot be de- 
tected in the stroma of all of these implants. 

Conditions are encountered in some of the implants which indi- 
cate that newly formed lymph vessels in their stroma permit an 
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earlier spread of the neoplasm into the lymphatic circulation of the 
host than would occur if they were not present. 

The presence of dilated lymph vessels in low granulation tissue of 
the serosa in which clumps of cancer cells may become embedded 
deserves special attention. Some of these vessels apparently are pre- 
existing and have expanded in the new formed tissue. In other in- 
stances the tips of preéxisting vessels apparently grow outward and 
form blebs or even small cysts in the granulation tissue. These 
dilated lymph vessels may furnish a ready portal of entry into the 
lymphatic circulation for the carcinoma embedded in the tissues 
about them. 


Note: The efficiency of the laboratory work for this paper is, in 
large measure, due to the technical skill and the interest of Miss 
Helen Buchan. The coloring of the photomicrographs was done by 
Mrs. M. R. Marden. The photomicrographs were made by Mr. 
James A. Glenn. These I thank for their interest and codperation. 
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DESCRIPTION OF PLATES 


PLATE 52 


Fic. 1. Photomicrograph of a section of a portion of a small patch of granula- 
tion tissue on the parietal peritoneum from a patient with a primary car- 
cinoma of the left ovary associated with an early peritoneal carcinomatosis 
(Case 1). Carcinoma, however, was not found in any of many sections 
from this particular situation. Various sized tufts of granulation tissue are 
present. Of these the largest, ‘‘a,” is composed of several smaller tufts 
which are partially fused. For newly formed blood and lymph vessels in 
tufts “a” and “b,” see Figs. 3 to 12 inclusive. x Io. 


. 2. A portion of the peritoneum between the tufts of granulation tissue 
shown in Fig. 1. The peritoneum has been stimulated, as indicated by its 
injected blood vessels and increased cellular elements. A large blood vessel 
“b.v,” filled with blood, appears in the center of the field. A branch arising 
from it extends toward the surface of the peritoneum. Two spaces, “‘a” 
and “‘b,”’ representing either two separate lymphatics or portions of the 
same vessel, are present on either side of the large blood vessel. A third 
vessel, ‘‘c,’’ possibly a branch of lymph vessel “‘b,’’ can be seen extending 
upward. Note that the size and shape of the oval flattened nuclei of the 
endothelial cells lining lymph vessels “‘a”’ and “‘b”’ vary with the angle at 
which they are cut or seen in the section. x 130. 


. 3. A longitudinal section of a portion of the base of tuft “‘a”’ of the granu- 
lation tissue shown in Fig. 1. A cross-section of a blood vessel “‘b.v.,”’ 
similar to the one in Fig. 2, is shown with a branch arising from it and ex- 
tending into the granulation tissue (to the right in this photomicrograph). 
This branch is accompanied by a lymph vessel “‘a.” The distal portions of 
both vessels are newly formed. For the farther extension of these vessels 
into the tuft of granulation tissue see Figs. 4, 5 and 6. A second lymph 
vessel or a branch of vessel “‘a”’ is indicated by “b.”’ Its situation is similar 
to that of vessel ‘‘a” in Fig. 2. This photomicrograph indicates that the 
blood vessels are accompanied by lymph vessels in the formation of the 
granulation tissue. x 130. 
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Fic. 4. Lower magnification of a section adjacent to that pictured in Fig. 3. 
All of the tissue in this photomicrograph is newly formed except a small 
portion of the peritoneum at the extreme left. The farther extension of 
both the newly formed blood vessel ‘‘b.v.”’ and the newly formed lymph 
vessels ‘‘a” and ‘‘b” of Fig. 3 into the tuft of granulation tissue is shown. 
The blood vessel here divides into two large branches, as indicated by the 
arrows. Both of the branches accompanied by lymph vessels extend to the 
tips of different portions of the tuft of granulation tissue. Lymph vessels 
“‘b” and ‘‘c’’ accompany the upper of the two large branches, ‘‘e”’ the 
lower branch, and ‘‘d” another blood vessel. x 54. 


;. 5. Farther extension of the upper of the two large branches of blood vessel 
‘*b.v.” of Fig. 4, accompanied by lymph vessels ‘‘b” and “‘c,” into the tuft 
of granulation tissue is here shown. A longitudinal section of this branch is 
indicated by the pointer ‘‘b.v.’”” Lymph vessels are shown at both ends of 
this portion of the blood vessel, see ‘‘a,”’ “‘b” and ‘“‘c.”” Similar lymphatics 
can be seen along the entire course of this blood vessel in other sections of 
this tuft. It is therefore believed that lymph vessels “‘a,”’ ‘‘b” and ‘“‘c” are 


continuous. A lymph vessel, ‘‘d,’’ also accompanying blood vessels, is 
situated in an adjacent and partially fused tuft of granulation tissue. 
These newly formed structures can also be traced in other sections to pre- 
existing lymph and blood vessels in the peritoneum beneath the base of the 
tuft. x 46. 


6. One of the tips of the tuft of granulation tissue indicated by ‘‘a” in 
Fig. 1. Blood vessels, branches of ‘‘b.v.” of Fig. 5, are shown in cross- 
section to the right of the center of the photomicrograph. These are sur- 
rounded by dilated lymph channels which are continuous with those indi- 
cated by “‘b” and “‘c”’ of Fig. 5. The blood vessels may be followed from a 
preéxisting vessel of the peritoneum shown in Fig. 3, to the very tip of the 
granulation tissue (see also Fig. 8). The blood vessels, for their entire 
course, are accompanied by lymph vessels. The lymph vessel ‘‘a,’’ which 
also accompanies blood vessels, is a continuation of the lymph vessel indi- 
cated by ‘“‘d” in Fig. 5. x 50. 
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Fic. 7. Higher magnification of the distal portion of the blood vessel ‘“‘b.v.” 
shown in Fig. 5. Lymph vessels ‘“‘b” and ‘“‘c,” with lymphocytes in their 
lumina, are clearly seen on both sides of the blood vessel. Compare lymph 
vessel ‘‘c’”’ with similar structures shown in Figs. 34 and 36. x 130. 


. 8. Higher magnification of the tip of the tuft of granulation tissue shown 
in Fig. 6. The blood vessels are surrounded by lymph spaces, probably 
different portions of one lymph vessel. Both the blood and the lymph ves- 
sels are newly formed having developed from preéxisting vessels in the 
peritoneum from which the granulation tissue arises. It is this granulation 
tissue, produced in response to the stimulation of an ovarian carcinoma, 
yet containing no tumor cells, that must form the stroma of polypoid peri- 
toneal implants. It is thus reasonable to assume that some of the implants 
would contain newly formed lymph as well as blood vessels if the latter are 
present in their stroma. Since the tip of the tuft of granulation tissue is the 
youngest and most actively growing portion its tissue is less dense than 
that in the older portions and its lymph vessels therefore are more dilated 
than those in the base of the tuft. Compare those pictured here with the 
lymph vessels shown in Fig. 3. Note the presence of lymphocytes in the 
lumina of these vessels and the apparent passage of these cells from the 
surrounding tissue through the endothelial lining of the vessels. It is not 
difficult to comprehend, then, that carcinoma growing in tissue containing 
lymph vessels like these may readily penetrate their thin endothelial walls, 
reach their lumina and, by continuous growth within these spaces, ulti- 
mately gain access to the preéxisting lymph vessels from which the newly 
formed vessels arise. Or, if continuous growth does not occur, emboli of 
cancer cells may reach the lymphatic circulation by the same route. It may 
be assumed, therefore, that carcinoma can spread more quickly from an 
implant containing newly formed lymph vessels than from one in which 
they are not present. x 130. 
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Fic. 9. Colored photomicrograph (higher magnification) of tuft ‘“‘b” in the 
granulation tissue of Fig. 1. A lymph vessel, like the central lacteal of a 
villus of the small intestine, may be followed in this section from its origin 
‘*a”’ (see arrow) in a preéxisting vessel in the peritoneum, through the en- 
tire length of the tuft of granulation tissue to its tip. At “‘b” it is dilated, 
as is the lymph vessel in Fig. 8. Because it is slightly tortuous and in places 
constricted its entire length does not appear in the plane of this section. 
The dilated portion of the lymph vessel in the tip of this tuft resembles a 
small lake with a small stream arising from it, which flows into larger 
streams (the preéxisting lymph vessels of the peritoneum). Particulate 
matter, such as cancer cells, gaining access to the lumen of any portion of 
this newly formed lymph vessel might readily be carried downstream into 
the lymphatic circulation. A judged lymph vessel ‘‘c”’ is shown in an ad- 
jacent tuft of granulation tissue. The continuity of the channel ‘‘a’”—‘b” 
with a preéxisting lymph vessel in the peritoneum excludes its origin from 
the incomplete fusion of adjacent strands or tufts of granulation tissue 
during the early development of the latter (see Fig. 12). Other lymph 
vessels similar to this one are present in other sections of this tuft of granu- 
lation tissue. x 54. 
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Fic. 10. Higher magnification of the dilated portion “‘b” of the newly formed 
lymph vessel in the tip of the tuft of granulation tissue shown in Fig. 9. 
This dilatation of the lymph vessel might be due to one of two factors. 
First if there were any interference with the outflow of lymph through 
narrow portions of the vessel in the base of the tuft a dilatation of that por- 
tion in the tip might easily occur since the tissue in this situation is rela- 
tively loose. Secondly, since Pullinger and Florey *® have shown that 
lymph vessels, because of their intimate connection with the tissues sur- 
rounding them, become dilated in local edema the expansion of the growing 
tissue in this tip also may cause a local dilatation of the lymph vessel in 
it. 230. 


. 11. Higher magnification of the lymph vessel shown in Fig. 9, just below 
the portion shown in Fig. 10. The apparent variations in size of the lumen 
‘‘a” and ‘“‘b” and its absence ‘‘c,’’ are due either to the undulating course 
of the vessel or to the normal fluctuations in the size of lymph vessels. 


X 130. 
. 12. A portion of the base of tuft ‘“‘b” in Fig. 1, also indicated by ‘‘a” in 
Fig. 9. A preéxisting blood vessel of the peritoneum accompanied by a 
preéxisting lymph vessel ‘‘a,’”’ is shown extending into the tuft of granula- 


tion tissue (to the left in this photomicrograph). The lumen of the lymph 
vessel appears to be nearly occluded at ‘‘b.”” As in “‘a,”’ “‘b” and ‘“‘c” of 
Fig. 9, this may result from the fact that the entire course of the lymph 
vessel is not in the plane of the section. It is very evident that it would be 
impossible to detect the presence of this lymph vessel if its lumen were 
occluded by pressure from the surrounding tissues because the nuclei of its 
endothelial lining would then be indistinguishable from those of nearby 
fibroblasts. x 130. 
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13. Granulation tissue on the posterior surface of the right uterine cornu 
of the same patient (Case 1). The ovarian carcinoma was on the opposite 
side. Long slender strands of granulation tissue have arranged themselves 
in fantastically designed forms. Implantations of carcinoma, “‘b,” ‘“c” 
and ‘‘d,”’ in various stages of development are present in these strands. 
One of these strands is attached to the peritoneum at ‘“‘a.” x Io. 


14. Higher magnification of the attachment of one of the strands of 
granulation tissue, ‘“‘a”’ in Fig. 13, to the posterior surface of the uterus. 
Newly formed blood vessels are present in the base of the strand and about 
these are two dilated spaces, ‘‘a” and ‘“‘b,” lined by endothelium-like cells 
and presenting the same histological picture as the proved lymph vessels 
shown in Figs. 2 and 3. Unfortunately it is impossible to establish the con- 
tinuity of these structures with preéxisting lymph vessels in the underlying 
tissue. Lymph vessels may be present in the uterine wall beneath the base 
of the strand of granulation tissue but are invisible because of the occlusion 
of their lumina by the surrounding dense tissue. Compare with the peri- 
toneum shown in Figs. 2 and 3, where the tissues are less dense, possibly 
edematous, and the lymph vessels are dilated and easily seen. We are 
unable to trace these possible lymph vessels ‘‘a’’ and ‘‘b” farther into the 
strand of granulation tissue in this section. However, in other nearby sec- 
tions of the same strand, possible lymph vessels are found just above those 
shown in this illustration (see Fig. 19). These may be continuous with the 
vessels ‘‘a”’ and ‘“‘b.”” Similar possible lymph vessels are also seen in many 
sections of these strands. x 130. 


15. Higher magnification of the slender strand of granulation tissue to the 
left of the two implants indicated by ‘“‘b” in Fig. 13. Two portions ‘‘a” 
and “‘b” of a space running lengthwise of the strand are shown. Is it a 
lymph vessel or a space created by the incomplete fusion of two strands of 


granulation tissue? A dilated blood vessel appears above the letter ‘‘a.” 
X 130. 
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Fic. 16. The loop of granulation tissue in which implants “‘b” and ‘‘c”’ of Fig. 
13 are situated, from another section. An implant ‘‘a” is situated in the 
upper limb of the loop. This is the one indicated by ‘“‘c”’ of Fig. 13. It 
appears much larger in the present photomicrograph because the section 
passes through the center of the mass of cancer cells. The two implants 
indicated by ‘‘b” in Fig. 13 do not appear in this section. They are situ- 
ated in the thickest portion of the lower limb of the loop. A large, tortuous, 
obliquely cut blood vessel appears in this loop. It is accompanied by a 
possible lymph vessel which is cut in a similar manner so that it simulates 
several vessels. For a higher magnification of these see the next illustra- 
tion. x 54. 


17. Higher magnification of the portion of the lower limb of the loop of 
granulation tissue, of Fig. 16, showing the large blood vessel, cut obliquely, 
and the accompanying possible lymph vessel. The lymph vessel is indi- 
cated by ‘“‘a,” ‘‘b”’ and “‘c.”’ It is impossible to prove that this lymph ves- 
sel-like structure is not a space created by the rapidly growing granulation 
tissue. But if it is a lymph vessel it is newly formed and with newly formed 
blood vessels it helps to make up the capsule of the two implants indicated 
by “b” in Fig. 13. x 130. 


>. 18. Higher magnification of the portion of the upper limb of the loop of 


” 


granulation tissue containing implant ‘‘a” of Fig. 16. Rapidly growing 
granulation tissue is encapsulating (swallowing) the clump of cancer cells 
implanted on its surface. Two spaces ‘‘a”’ and ‘“‘b” are present in this 
tissue. Are they true lymph vessels or are they tissue spaces created by the 
incomplete filling in of rapidly growing granulation tissue? x 130. 
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19. A portion of the strand of granulation tissue attached to the surface 
of the uterus indicated by ‘‘a”’ in Fig. 13 and just above the field shown in 
Fig. 14, from a nearby section. A space lined by endothelium-like cells 
and indicated by pointers ‘‘a”’ and ‘‘b” accompanies the blood vessels in 
their extension into this strand. Continuity with the possible lymph ves- 
sels (‘‘a’’ and ‘‘b’’) shown in Fig. 14 cannot be established. However, they 
may be continuous but, because of the occlusion of the lumen from pres- 
sure, the vessel cannot be traced for its entire length. x 130. 


20. The same granulation tissue on the surface of the uterus shown in Fig. 
13 from a section at some distance from the latter. At ‘‘c” carcinoma is 
implanted in newly formed tissue which constitutes the attachment of the 
strands of granulation tissue to the surface of the uterus. Carcinoma is 
encapsulated on the surface of the strand of granulation tissue at “‘a.” 
X 10. 


21. Higher magnification of implant ‘‘c”’ of Fig. 20 and the tissue sur- 
rounding it. This tissue is a part of that indicated by ‘‘a” of Fig. 13 and is 
also shown in Fig. 14. The carcinoma is embedded in newly formed tissue 
which has grown out from the uterine wall through breaks in its mesothelial 
covering as indicated by ‘‘c” and ‘‘d.”” Newly formed blood vessels are 
present in this tissue and are accompanied by lymph vessel - like structures 
‘“‘a” and ‘“‘b”’ similar to those shown in Fig. 14. Though the spaces ‘‘a”’ 
and ‘“‘b” are continuous their continuity with preéxisting lymph vessels in 
the dense tissues of the uterine wall cannot be established. The presence of 
proved lymph vessels in another patch of granulation tissue from the same 
patient (see Figs. 3 to 12) is a strong indication that at least some of the 
lymph vessel -like structures just described are true lymph vessels even 
though their continuity with preéxisting vessels cannot be established be- 
cause the latter are not evident. If the lymphatics had been injected direct 
continuity might have been demonstrated. x 54. 
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Fic. 22. Granulation tissue on the surface of the Fallopian tube from a patient 


Fic. 


with carcinoma of both ovaries associated with a very early peritoneal 
carcinomatosis (Case 2). Carcinoma was not discovered in this patch of 
granulation tissue but might have been present as only a few sections were 
examined. The granulation tissue has grown out from the tubal wall 
through breaks in its mesothelial covering. In one place ‘‘m”’ the meso- 
thelium is still intact. The granulation tissue has arched over this area 
leaving an opening between it and the surface of the tube. Spaces like 
these often become lined by mesothelium during the usual involution of 
the granulation tissue. When cancer cells become enmeshed in overlying 
granulation tissue, as well they may in this instance, a sessile polypoid im- 
plant with a fenestrated base may result (see Fig. 42). Judged newly 
formed lymph vessels ‘‘a”’ and ‘‘b”’ are present in one pillar of the arch of 
granulation tissue. For a higher magnification of this area see Fig. 24. 

X 54. 

23. Granulation tissue which has arched over the surface of the Fallopian 
tube, from the same section shown in Fig. 22, but on the opposite side of 
the tube. The main pillar of the span is situated at the left. Additional 
supports or tethers appear, in the center and right, as tortuous slender 
strands of vascular granulation tissue (pedicles) extending from the surface 
of the tube to the span of granulation tissue above it. Small deeply stained 
masses, judged to be clumps of dead cancer cells, are enmeshed in the por- 
tion of the span of granulation tissue indicated by ‘“‘e.’’ A clump of living 
cancer cells is situated at ‘‘d.’’ Lymph vessels cannot be detected in either 
the main pillar of the arch or the span. However, they are easily seen in the 
tethers (slender pedicles) ‘‘a,” ‘‘b”’ and ‘“‘c.”’ For a higher magnification 
of pedicle ‘‘a,” see Fig. 25. Later stages of implants similar to the one in- 
dicated in this illustration are shown in Figs. 85 and 89. x 25. 
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24. Colored photomicrograph (higher magnification) of the pillar of the 
arch of granulation tissue containing judged newly formed lymph vessels 
indicated by ‘‘a” and ‘‘b” of Fig. 22. The lymph vessels accompany the 
newly formed blood vessels. Lymph vessel ‘‘a”’ is shown to be an out- 
growth from a preéxisting vessel of the tubal wall and in an adjacent sec- 
tion can be followed farther into the granulation tissue. x 130. 


25. Colored photomicrograph (higher magnification) of pedicle ‘‘a” 
shown in Fig. 23. There is a marked proliferation of the mesothelial cells 
covering the surface of the tube. The blood vessels of the pedicle are in- 
jected and are accompanied by two channels ‘“‘a and b” lined by endo- 
thelium-like cells and without any blood in their lumina. These two chan- 
nels are probably different portions of one channel. I believe that it is a 
lymph vessel similar to those shown in Fig. 24. Unfortunately its con- 
tinuity with preéxisting lymph vessels cannot be established. Other sec- 
tions saved from this block do not include all portions of the attachment of 
the pedicle to the surface of the tube. It is evident that if a mature implant 
had arisen in this granulation tissue its stroma would have contained newly 
formed lymph vessels as well as newly formed blood vessels. The lymph 
vessels in even a small slender pedicle might furnish a channel through 
which carcinoma in the implant above it might escape later into the 
lymphatic circulation (see Figs. 90 and 91). x 130. 
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26. A section of a mature predunculated polypoid implant on the vesico- 
uterine reflection of peritoneum, from a patient with carcinoma of both 
ovaries associated with peritoneal carcinomatosis (Case 3). Note that the 
kidney shaped tumor has abundant stroma. Blood vessels are quite evi- 
dent, especially in its pedicle and hilum, and in other situations where the 
tissues of the stroma are less dense. Judged lymph vessels are present in 
the cortex of the implant opposite its hilum (see Fig. 27). These can be 
followed in the stroma to just above its midportion, Fig. 28, where they 
are lost apparently and then reappear in the stroma of the hilum and 
pedicle (see Figs. 29, 30 and 31). In this section lymph vessels can be 
detected only in the stroma of the hilum and pedicle. For a higher magnifi- 
cation of the area indicated by ‘“‘a” see Fig. 30. x 25. 


27. A portion of the cortex opposite the hilum of the implant shown in 
Fig. 26, from another section. Masses of cancer cells are scattered through- 
out this portion of the tumor. Because of the relatively loose texture of the 
stroma the injected blood vessels are easily seen. Accompanying these is a 
vessel ‘‘a”’ lined by endothelium-like cells and without any blood in its 
lumen. I believe that it is a lymph vessel. Beneath this vessel is a mass of 
cancer cells. x 130. 


28. A small area just above the center of the implant shown in Fig. 26, 
from another section. Blood vessels are not evident. However, an oblique 
section of a very thin walled vessel lined by endothelium-like cells appears 
in the center of the photomicrograph. I believe that it is a lymph vessel 
and possibly is continuous with the one shown in Fig. 27. x 130. 


29. A portion of the stroma of the hilum of the implant shown in Fig. 26, 
from another section. A thin walled vessel ‘‘a,” similar to the preceding 
ones, is shown in cross-section with a few lymphocytes in its lumen. Blood 
vessels are about it. It is an easy matter to distinguish a lymph vessel 
from veins ‘‘b” and ‘“‘c”’ when the latter contain blood. x 130. 


q 
a 
3 
i 
| 
j 
q 
4 
q 
4 
=. 
4 


rh 


AMERICAN JOURNAL OF PATHOLOGY. VOL. XII PLATE 62 


Sampson Lymph Vessels in Carcinomatous Peritoneal Implants 


PLATE 63 


Fic. 30. Higher magnification of a portion of the stroma of the hilum and 
pedicle of the implant indicated by ‘“‘a” in Fig. 26. An oval mass of lym- 
phocytes is present in this area with a vein ‘‘v” in its upper portion and 
two judged lymph vessels ‘“‘a’’ and ‘“‘b”’ beneath it. x 130. 


31. A portion of the base of the pedicle of the implant shown in Fig. 26, 
from another section. A dilated vein ‘‘v”’ appears in cross-section with two 
judged lymph vessels ‘‘a”’ and ‘‘b,”’ or portions of one vessel, below and to 
the right of it. Both the blood and lymph vessels may have been in this 
situation before the implant developed. It is a relatively easy matter to 
follow newly formed blood vessels filled with blood, from preéxisting blood 
vessels of the peritoneum through the pedicle of the tumor and into its 
stroma. On the other hand, it is impossible to follow the non-injected 
lymph vessels. The fact that judged lymph vessels are found about the 
blood vessels in Figs. 27, 29 and 30 is a very strong indication that they 
accompany the newly formed blood vessels in the development of the 
granulation tissue which later forms the stroma of the mature implant. 
Therefore, I believe that this mature implant (tumor) contains newly 


formed lymph vessels as well as newly formed blood vessels in its stroma. 
X 130. 

32. The base of the implant, its pedicle and the peritoneum beneath it, 
from the same section pictured in Fig. 31 (lower magnification), showing the 
relation of the blood vessel ‘‘v’’ to the implant and the peritoneum be- 
neath it. x 54. 
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33. A section of the thickened parietal peritoneum with carcinoma em- 
bedded in it, from the same patient (Case 3). The “key” to the patho- 
genesis of this lesion lies in the small strip of mesothelium ‘‘m”’ near the 
center of the photomicrograph. This represents the level of the surface of 
the peritoneum prior to the implantation of the cancer cells. The latter 
became enmeshed in granulation tissue which developed on the surface of the 
peritoneum through breaks in its mesothelial covering. This granulation 
tissue has arched over the portion of the surface of the peritoneum covered 
by mesothelium; therefore, all of the tissue above the level of this meso- 
thelium is newly formed. x 54. 


34. Another section from the same block of tissue shown in Fig. 33. The 
conditions in this field, in many ways, are similar to those shown in the pre- 
ceding photomicrograph. Carcinoma is embedded in the peritoneum which 
has become thickened by the development of granulation tissue on its sur- 
face through breaks in its mesothelial covering. The intact mesothelium 
‘“‘m,”’ as in the section shown in Fig. 33, represents the original level of the 
surface of the peritoneum. All of the tissue above this level is newly 
formed. In it is situated a dilated channel which presents the histological 
structure of a lymph vessel. A few lymphocytes are present in its lumen. 
Note that the tissue about this vessel is loose, possibly edematous, which 
might permit or even cause the dilatation of lymph vessels in it. This vessel 
may be followed through several sections in the series but its continuity 
with preéxisting lymphatics cannot be established. However I believe that 
it may well be a newly formed lymph vessel. Compare with the newly 
formed lymph vessel shown in Fig. 7 and the preéxisting lymphatic shown 
in Fig. 36. x 130. 


35. Asection of the thickened vesico-uterine reflection of peritoneum from 

the same block of tissue in which the pedunculated implant described in 
Fig. 26 is situated. The conditions in this section are quite similar to those 
shown in the two preceding photomicrographs except for the fact that a 
patch of intact mesothelium is lacking by which one may determine the 
original surface level of the peritoneum. However | believe that all of the 
tissue in which the carcinoma is situated is newly formed (compare this sec- 
tion with Fig. 33). Judged newly formed lymph vessels ‘‘a” and ‘‘b,” 
similar to those shown in Figs. 27 and 28, are situated in this tissue. To the 
right an early implantation of clumps of cancer cells in newly formed 
granulation tissue is being added to the surface of the thickened peri- 
toneum. xX 54. 
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Fic. 36. A section of a portion of the omentum near its free margin, from the 


Fic. 


same patient (Case 3). Many carcinomatous metastases are present in 
other situations in this omentum. A large lymph vessel, with valves and 
lymphocytes in its lumen, is shown. This vessel is probably not newly 
formed. Compare with the newly formed lymphatic shown in Fig. 34 and 
also in Figs. 7 and 10. x 130. 

37. A-section of the same omentum shown in Fig. 36 with a large sessile 
polypoid implant on its surface. All of the tissue in which carcinoma is 
situated is newly formed. Because the stroma of the base of the implant is 
dense, newly formed lymph vessels cannot be detected in this portion of the 
tumor. However they can be seen in the less dense and more vascular 
cortex (see the next illustration). x 25. 


38. Higher magnification of the portion of the implant, indicated by “‘a,” 
in the preceding photomicrograph. The stroma of the tumor in this situa- 
tion is relatively loose and contains newly formed blood vessels and likewise 
judged newly formed lymph vessels ‘‘a,” ‘‘b”’ and “‘c.”” Lymphocytes are 
present in the lumina of these lymph vessels. The structure of these vessels 
is identical with that of those shown in Figs. 27, 28, 29, 30 and 35. x 130. 
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Fic. 39. A small patch of early granulation tissue on the lower portion of the 
anterior wall of the uterus from a patient with carcinoma of both ovaries 
associated with peritoneal carcinomatosis (Case 4). Carcinoma is em- 
bedded in this tissue at the right. Clumps of additional cancer cells ‘‘c”’ 
are becoming implanted on the surface of this granulation tissue. A judged 
newly formed lymph vessel arising from a preéxisting lymph vessel is 
indicated by “‘a.” x Io. 


. 40. The central portion of the granulation tissue shown in Fig. 39, but 
from another section. The granulation tissue has grown out through a 
break in the mesothelial covering of the uterus. A clump of cancer cells is 
becoming enmeshed in this tissue. x 54. 


;. 41. Higher magnification of the area of granulation tissue, containing 
carcinoma, shown in Fig. 39, but from another section. This represents the 
most mature implantation of carcinoma found in this patch of granulation 
tissue and may well have been the initial exciting cause of the granulation 
tissue about it. Granulation tissue is pouring out through a break in the 
mesothelial covering of the uterus. A possible newly formed lymph vessel 
accompanying newly formed blood vessels is indicated by ‘‘a.”’ This cannot 
be followed farther into the granulation tissue nor can its continuity with 
underlying preéxisting lymph vessels be established. The latter cannot be 
detected in this situation. x 54. 


42. Asessile polypoid implant situated on the surface of the vesico-uterine 

reflection of peritoneum below the patch of granulation tissue shown in Fig. 
39. It may well represent a later stage of the condition shown in Fig. 41. 
Very few blood vessels and no lymph vessels can be detected in the dense 
mass of carcinoma in this section. On the other hand these structures can 
be detected in the loose granulation tissue at either end. x 20. 
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43. Higher magnification of the judged newly formed lymph vessel indi- 

cated by ‘‘a” of Fig. 39. A clump of lymphocytes, with lymph vessels near 
them, is present in preéxisting tissue beneath the granulation tissue (see 
Fig. 47). At the upper arm of the pointer ‘“‘a”’ is a judged newly formed 
lymph vessel accompanying newly formed blood vessels (see Fig. 45). I 
believe that this lymph vessel arises from the preéxisting lymph vessel 
indicated by the lower arm of pointer “‘a.”— x 54. 


44. A blood vessel accompanied by newly formed lymph vessels nearly 
midway between the lymph vessels indicated between the areas of pointer 
‘“‘a” in Fig. 43. I believe that it represents a connecting link between the 
two groups of vessels (see Fig. 46). x 54. 

45. Higher magnification of the judged newly formed lymph vessel ‘‘a,”’ 
accompanying newly formed blood vessels, indicated by the upper arm of 
the pointer in Fig. 43. x 130. 

46. Higher magnification of the vessels shown in Fig. 44. The judged 
newly formed lymph vessels are clustered about a newly formed blood 
vessel (compare with Fig. 45). This granulation tissue with its newly 
formed blood and lymph vessels is providing the stroma for the growing 
implant (see Fig. 39). I believe that the vessels in Fig. 45 are but continua- 
tions of those shown in this photomicrograph. It seems logical to conjecture 
that carcinoma about these lymph vessels might easily invade them and 
thus more readily gain access to the lymphatic circulation of the host. 
X 130. 

47. Higher magnification of the preéxisting lymphatics indicated by the 
lower area of pointer ‘‘a”’ in Fig. 43. x 130. 

48. The same lymphatics shown in Fig. 47, from another section in the 
series. A mass of lymphocytes covered by endothelium is bulging into the 
dilated lymph vessel. Sections farther on in the series show the same vessel 
without the lymphocytes. x 130. 
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49. A section of sediment obtained by centrifugalizing the ascitic fluid 
present in the patient with the peritoneal implants just described. Clumps 
of cancer cells can be easily distinguished from the exfoliated mesothelial 
cells about them. x 130. 


50. The tip of a polypoid outgrowth of granulation tissue which is at- 
tached to the peritoneum at the base of the pedicle of the large peduncu- 
lated implant shown in Fig. 52, but from another section. Clumps of cancer 
cells, similar to those shown in Fig. 49, are becoming enmeshed in the tip 
of this tissue, its youngest and most actively growing portion. They are 
not found in any other portion of this outgrowth of granulation tissue. 
X 54. 

51. Another outgrowth of granulation tissue similar in its situation to the 
preceding one and possibly of the same age. It presents a later stage of the 
process of cancer cell implantation just shown. Granulation tissue is grow- 
ing over and encapsulating the cancer cells which have also grown. I be- 
lieve the phenomenon shown in these two photomicrographs represents the 
implantation of cancer cells in preéxisting granulation tissue which de- 
veloped as the result of the stimulation caused by cancer cells escaping into 
the peritoneal cavity. The granulation tissue in both outgrowths is abun- 
dantly supplied with newly formed blood vessels. Yet in spite of a careful 
study of many sections of these outgrowths, lymph vessels cannot be recog- 
nized in them. Either they are not present or, if present, their walls are 
collapsed, the nuclei of their endothelial linings being indistinguishable 
from those of cells surrounding them. x 54. 
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52. A section of the vesico-uterine reflection of peritoneum with three 
polypoid implants on its surface (Case 4). A large sessile one (also shown 
in Fig. 42) appears at the right, a large pedunculated one at the left and a 
small one to the right of this. The pedicle of the small implant has an origin 
common with that of the larger one (see Fig. 53). x 10. 


53. The union of the pedicles of the two polypoid implants shown in Fig. 
52, but from another section. The pedicle of the larger one contains two 
masses of lymphocytes indicated by the pointer “‘1. t.’””. The pedicle of the 
smaller implant, approaching the latter from the right, contains a channel 
“lc.” filled with lymphocytes. This channel is either a tissue space or 
a lymph vessel (see Fig. 55). x 54. 


54. Higher magnification of the mass of lymphocytes indicated by the 
upper arm of the pointer “‘l. t.” in Fig. 53. These lymphocytes are nearly 
surrounded by blood vessels. A clump of epithelium-like cells is situated 
in the lower portion of this mass of lymphocytes. These cells resemble very 
closely the cells in portions of the carcinoma in the implant above it (see 
Figs. 56 and 57). Also compare with the carcinoma shown in Fig. 62. If 
these are cancer cells they must have reached their present situation by 
way of lymphatics from carcinoma in the larger implant, Figs. 56 and 57, 
or they were deposited here during the development of the implant. x 130. 


55. Higher magnification of the tissue space or lymph vessel containing 
lymphocytes indicated by “‘l. c.” of Fig. 53. Lymph vessels cannot be de- 
tected in many sections of the pedicles of either implant. However they 
may be present but because of the compression of their lumina they cannot 
be distinguished from the tissue surrounding them. x 130. 
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56. The lower portion of the larger implant and the upper part of its pedi- 
cle. Two possible lymph vessels are indicated by ‘‘a” and ‘“‘b.”” Lymph 
vessel ‘‘a”’ can be seen in other sections but can be followed for only a short 
distance in either direction. x 54. 


57. Higher magnification of the possible lymph vessel accompanying a 
blood vessel to its left and indicated by ‘‘b”’ in Fig. 56. It is impossible to 
follow this vessel or tissue space in either direction or to ascertain that the 
carcinoma at the right has invaded it. The carcinoma may well have com- 
pressed or even destroyed the vessel at other levels. x 130. 


58. An early pedunculated polypoid implant which is situated to the left 

of the sessile polypoid implant shown in Fig. 52, from another section. 
Carcinoma may be found embedded in other portions of this tissue. Two 
possible lymph vessels in granulation tissue about the base of the implant 
are indicated by ‘‘a” and ‘“‘b.”’ Both of these vessels can be followed in 
many sections. Vessel ‘‘b” extends well up into the tip of the implant 
and also down to its base. The continuity between these vessels and pre- 
existing vessels in the peritoneum beneath the granulation tissue cannot be 
established. Peritoneal lymph vessels cannot be detected in this situation. 
X 25. 

59. Higher magnification of the possible lymph vessel indicated by “‘b”’ 
in Fig. 58. The oval nuclei which appear to be in the lumen of the vessel 
may be the nuclei of endothelial cells lining the curved portion of its wall. 
Compare the nuclei of the cells lining this channel with those pictured in 
the lymph vessels of Fig. 2. I believe that it may be a lymph vessel. The 
only other possibility is that this is a space arising from the incomplete 
fusion of a slender strand of granulation tissue with a larger strand to the 
left (compare with Figs. 61 and 62). x 130. 
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Fic. 60. A longitudinal section of the smaller pedunculated polypoid implant 
shown in Fig. 52, but from another section. Carcinoma is situated in the 
upper portion of this tissue. A possible lymph vessel is indicated by ‘‘a.” 
This can be followed, in other sections, for some distance into the upper 
portion of the implant but it cannot be traced into the pedicle. x 25. 


. 61. Higher magnification of the possible lymph vessel indicated by ‘‘a”’ in 
Fig. 60. A few lymphocytes are present in its lumen. It is almost an exact 
duplicate of the possible lymph vessel shown in Fig. 59 and must have had a 
similar origin (compare with Figs. 2, 3, 7 and 34). x 130. 


. 62. Farther extension, ‘‘a,” into the upper portion of the implant of the 
possible lymph vessel shown in Fig. 61. This is as far as it can be traced in 
this direction. Here it is surrounded by lymphocytes and carcinoma very 
similar to the cancer-like cells shown in Fig. 54. Some of the carcinoma is 
very close to this vessel. It is conceivable that the vessel cannot be fol- 
lowed farther because its lumen is compressed by the carcinoma. It is pos- 
sible that a space created by the incomplete fusion of two strands of granu- 
lation tissue, as suggested in Fig. 59, may simulate the structure indicated 
by “‘a.”’ However, I believe that this structure may well be a lymph vessel. 
X 130. 
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Fic. 63. Four photomicrographs “a,” ‘“‘B,” “‘c’”’ and ‘“‘p,” from a series of 


FIG. 


FIG. 


sections of a mature pedunculated polypoid implant with many pedicles, 
situated on the vesico-uterine reflection of peritoneum near its attachment 
to the uterus (Case 4). ‘a’ shows carcinoma implanted in strands of 
granulation tissue arising from the peritoneum beneath them. The con- 
dition here may well represent a later stage of that shown in Figs. 13 and 
20. In “‘B,” from a section some distance from “‘A”’ in the series, one of the 
several pedicles of this implant, which now resembles a crouching bird, 
appears. In “‘c’’ with two additional pedicles the bird-like implant of 
now resembles a prehistoricmammal. In ‘‘n”’ the prehistoric mammal 
of ‘‘c”’ is changed into a squirrel with a long, curved, bushy tail and its 
forefeet lifted as though it were about to jump. Possible newly formed 
lymph vessels as well as newly formed blood vessels may be found in all 
of these pedicles. x 8. 


64. Higher magnification of the pedicle of the implant shown in “‘B”’ of 
Fig. 63. A lymph vessel in the subperitoneal tissues is indicated by ‘‘b.” 
Judged lymph vessels ‘‘a”’ are situated in the base of the pedicle. These 
apparently accompany blood vessels. The latter can be followed through 
the pedicle into the base of the implant. In this section the lymph vessels 
can be followed for only a short distance into the pedicle. x 54. 


65. Higher magnification of the left of the two pedicles of the implant 
shown in “‘c”’ of Fig. 63, from another section. A possible lymph vessel is 
indicated by “‘a.’”’ The greater portion of its lumen is filled with lympho- 
cytes. A few red blood corpuscles occupy its upper portion. It is lined by 
endothelium-like cells and accompanies the newly formed blood vessels in 
their extension through the pedicle of the tumor. The lower end of this 
vessel may well be preéxisting but that portion in the pedicle must be 
newly formed. The vessel cannot be traced farther into the implant. 
X 130. 
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66. A broad pedicle of the implant shown in Fig. 63 and presenting the 
fused portion of the two pedicles shown in ‘“‘c” of that illustration. A 
lymph vessel in the subperitoneal tissues is indicated by ‘“‘f.”’ Small, 
judged newly formed lymph vessels ‘‘b,” ‘‘c,” ‘“‘d”’ and ‘‘e” are present 
in this pedicle. A similar vessel ‘‘a’’ is situated just below the advancing 
carcinoma. The continuity of the judged lymph vessels in this pedicle with 
preéxisting lymph vessels in the peritoneum is suggested in other sections 
but cannot be definitely established. x 54. 


67. Higher magnification of the right of the two pedicles of the implant 

shown in ‘“‘c”’ of Fig. 63 and from the same section. Judged newly formed 
lymph vessels are indicated by ‘‘a” and “‘b.” Neither blood nor lymph 
vessels are present in the base of the portion of the pedicle in this section. 
Both must have reached the implant through the broad fused portion of 
the pedicle shown in Fig. 66. The continuity between vessels “‘a” and 
“‘b” of this photomicrograph with the lymph vessels shown in Fig. 66 
cannot be established. x 130. 


68. Higher magnification of a judged lymph vessel ‘‘a”’ below the ad- 
vancing carcinoma in Fig. 66 and indicated by ‘‘a”’ in that photomicro- 
graph. Another judged lymph vessel is indicated by “‘c”’ in both photo- 
micrographs. x 130. 
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Fic. 69. A portion of the base of the pedicle of the implant shown in “‘p” of 
Fig. 63. Judged lymph vessels are indicated by ‘‘a” and ‘“‘b.” They are 
situated near blood vessels which are extending into the pedicle. The 
lymph vessel ‘‘a’’ shows that variation in the appearance of the oval 
flattened nuclei of its endothelial cells depends on the plane of section. A 
few lymphocytes are present in its lumen. x 130. 


. 70. Lower magnification of the base of the pedicle shown in Fig. 69, from 
the same section and better showing its relation to the implant above as well 
as to the peritoneum beneath it. The continuity of lymph vessel ‘‘a” with 
preéxisting lymph vessels is strongly suggested in the series of sections but 
is not definitely determined: ‘‘c’’ and ‘‘d” are lymph vessels in the sub- 
peritoneal tissues. x 54. 


. 71. Asection through the entire length of the pedicle of the implant shown 
in “‘p” of Fig. 63, a portion of the base of which is shown in Fig. 70. 
Lymph vessel ‘‘a”’ situated to the left of a mass of lymphocytes is a con- 
tinuation of lymph vessel ‘‘a”’ in Fig. 70 and may be followed through all 
the intervening sections. It appears lower in the pedicle than in Fig. 70. 
This is due to the way in which the two prints are trimmed. In reality it is 
at about the same level. Its farther extension into the pedicle of the im- 
plant is suggested in this and other sections but cannot definitely be deter- 
mined. x 54. 


3. 72. A section through the pedicle of the implant shown in Fig. 71. The 
level of this section is beyond the latter in the series. Lymph vessel ‘‘a”’ 
in Figs. 70 and 71 had disappeared in sections in the series previous to this 
one. A lymph vessel ‘‘a”’ is shown at the junction of the pedicle with the 
base of the main implant. Its continuity with lymph vessel ‘‘a” of Fig. 71 
is not established. However, they may well be continuous without obvious 
evidence of this fact in non-injected vessels. The strand of granulation 
tissue to the right, also shown in ‘“‘p”’ of Fig. 63, is attached to the peri- 
toneum near the base of the pedicle of the larger portion of the implant, as 
shown in other sections of the series. The tissue in this strand is much 
younger than the stroma of the large implant. Although lymph vessels 
cannot be detected in it they may be present. Judged lymph vessels are 
found not only in the many pedicles of this implant but also in that portion 
of its stroma situated between the pedicles and the advancing carcinoma. 
Lymph vessels cannot be detected in the mass of carcinoma. x 54. 
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Fic. 73. A section showing the invasion of a judged preéxisting lymph vessel 
of the peritoneum by carcinoma from the implant shown in Fig. 42. By 
continuous extension the growth has penetrated the walls of this vessel at 
‘“‘a.” For the farther extension of the carcinoma in the lumen of the lym- 
phatic see the next two photomicrographs. x 130. 


. 74. A-section near the preceding one showing the carcinoma in a definite 
lymph vessel ‘‘a.’’ The carcinoma in this situation apparently is a con- 
tinuation of that indicated by ‘‘a”’ of Fig. 73 and does not come from the 
portion of the growth nearest to it. x 130. 


. 75. Asection showing the continuous permeation of the lymph vessel ‘‘a’”’ 
by the carcinoma shown in ‘‘a”’ of Fig. 74. This section is situated in the 
series at some distance from that shown in Fig. 74. Carcinoma in this 
lymph vessel is present in all the intervening sections. x 130. 


. 76. Asection very near but beyond the preceding one showing the lymph 
vessel ‘‘a’’ without carcinoma init. x 130. 


. 77. Photomicrograph showing embolic carcinoma in a lymph vessel of the 


subperitoneal tissue to the left of the implant shown in the preceding illus- 
trations. The carcinoma in this vessel may well have reached its present 
situation from the invasion of the lymph vessel just shown or from that of 
another but similar vessel. Carcinoma in an implant probably possesses 
potentialities of lymphatic permeation and metastasis similar to those of a 
primary growth. x 130. 
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78. Newly formed tissue at the right of the implant shown in Fig. 42, 
from a nearby section. Carcinoma is embedded in this loose vascular 
granulation tissue, the kind of tissue in which one would expect to find 
newly formed lymph as well as newly formed blood vessels. A portion of 
the main implant appears in the photomicrograph, at the left. A possible 
lymph vessel is indicated by ‘‘a.’’ It is impossible to establish its con- 
tinuity with preéxisting lymph vessels in the peritoneum beneath it: none 
can be detected in this portion of the peritoneum. x 54. 


79. Higher magnification of the possible lymph vessel indicated by ‘“‘a”’ 
of Fig. 78. It is difficult to say positively that it is a lymph vessel even 
though lymphocytes are present in its lumen. Carcinoma is apparently 
invading the upper portion of this space or vessel but, as shown in nearby 
sections of this series, it does not actually gain access to the lumen which 
quickly becomes obliterated by the pressure of the surrounding growth. 
X 130. 

80. A portion of the base of the sessile polypoid implant and underlying 
peritoneum shown in Fig. 42, from another section. The implant has a 
fenestrated base due to granulation tissue arching over an intact portion of 
the mesothelial covering the peritoneum. The space thus created has be- 
come lined by mesothelium and is partially filled with a papillary mass of 
carcinoma. This mass may have arisen either as an outgrowth from the 
carcinoma at the left or as an implantation. The lower margin of this space 
represents the original level of the surface of the peritoneum. All structures 
above this level are newly formed. A dagger-shaped space is indicated by 
‘fa.”” This well may be a lymph vessel. The rounded handle of the dagger 
is probably a preéxisting vessel but the blade-like channel extending up- 
wards into the implant is newly formed. The latter is surrounded by car- 
cinoma which in places has apparently penetrated its lumen. The arrow 
points to a cell undergoing mitosis, in the lumen of this channel which is 
shown more highly magnified in the next photomicrograph. x 130. 


81. Higher magnification of the channel or newly formed lymph vessel 
extending into the implant shown in Fig. 80. This vessel is surrounded by 
carcinoma which in places may have penetrated its walls. The arrow points 
to a cell undergoing mitosis. That it is a cancer cell cannot be proved even 
though it resembles unquestioned cancer cells which are actively dividing. 
If this is a cancer cell in a newly formed lymph vessel it demonstrates the 
part played by newly formed lymph vessels in the dissemination of cancer 
into the lymphatic circulation. Newly formed lymph vessels cannot be 
detected in the dense carcinomatous growth of the main implant. x 325. 
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Fic. 82. Sediment from the centrifugalized ascitic fluid of a patient with car- 
cinoma of both ovaries with an associated peritoneal carcinomatosis (Case 
5). Note the clumps of viable appearing cancer cells. These are found not 
only in the peritoneal cavity but also in the lumina of both tubes and in the 
lymph vessels of the ovaries and of the tubal and uterine walls. The cell 
arrangement in all of these situations is the same and is identical with that 
found in the judged primary ovarian tumors and in the peritoneal me- 
tastases (implantations). Is retrograde embolic metastasis from the ovarian 
tumors by way of the lymph stream the only possible explanation for the 
presence of cancer cells in the lymphatics of the tubal and uterine walls? 
X 130. 


. 83. A cross-section of an epiploic appendage (Case 5) showing various 
types of peritoneal implants and various stages in their life history from 
the early fixation of clumps of cancer cells on the surface of the peritoneum 
to the fully organized implant. Lymphatics are not detected in any of 
these implants nor are they seen in the tissues of many sections of this 
epiploic appendage. The strongest possible circumstantial evidence indi- 
cates that these metastases arise from the implantation of cancer cells on 
the peritoneal surface of the epiploic appendage. x ro. 


. 84. Four polypoid metastases on the peritoneal surface of the meso- 
salpinx. These are exact duplicates, more highly magnified, of implants 
shown on the surface of the epiploic appendage in Fig. 83, and from the 
same patient. Circumstantial evidence indicates that their pathogenesis is 
similar to that of the preceding ones. Lymph vessels as such cannot be de- 
tected in any of these implants. However, small clumps of cancer cells are 
present in judged lymphatics in the peritoneum beneath the attachment of 
the pedicle of the largest implant of the mesosalpinx. Strands of cancer 
cells are present in the pedicle of the implant, apparently extending towards 
the mesosalpinx beneathit. Because of the thickness of the section and the 
torn pedicle it is impossible to determine whether or not these strands of 
cancer cells are in lymph vessels. The circumstantial evidence just pre- 
sented would lead to the conclusion that the carcinoma in the judged lym- 
phatics beneath the pedicle of the implant comes from the implant itself 
and not from the ovarian tumors by retrograde metastasis. x 25. 
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Fic. 85. A cross-section of the Fallopian tube (Case 5) showing several poly- 
poid implants on its peritoneal surface and cancer cells distending the 
lymph vessels of the tubal wall. The largest implant has several pedicles, 
two of which appear in this section. From the smaller pedicle, on the right, 
a broken line of clumps of cancer cells can be seen extending from the im- 
plant through the outer portion of the tubal wall to the lymph vessel show- 
ing the greatest distention with cancer cells (see the next illustration). 
What is the relation between the carcinoma in the implant on the peri- 
toneum and that in the lymphatics? Carcinoma in the lymphatics of the 
tube in this section is found only in the vessels situated beneath the im- 
plant. Since the implants are duplicates of those shown in Figs. 83 and 84 
one might infer that their pathogenesis was the same. A vein distended 
with blood is indicated by ‘“‘v.”” x Io. 


. 86. Higher magnification of the broken line of clumps of cancer cells ex- 
tending from the smaller pedicle of the largest implant shown in Fig. 85 to 
the distended lymph vessel in the tubal wall beneath it. The upper portion 
of the lymph vessel distended with carcinoma appears at the bottom of the 
photomicrograph. One may follow the broken line of cancer cells through 
the pedicle of the implant and the outer portion of the tubal wall down to 
this lymph vessel. I believe that the line of cancer cells is in a lymph vessel 
which is a branch or tributary of the distended lymphatic in the tubal wall. 
This latter point cannot be determined positively. However, this section 
and those before and after it in the series strongly suggest this possibility. 
If the line of cancer cells in the outer but preéxisting portion of the tubal 
wall is actually in a lymph vessel one might infer that the similar appearing 
line of cancer cells in the pedicle of the implant and apparently continuous 
with that of the tubal wall is also in a lymph vessel. If so, the portion of the 
lymph vessel in the pedicle must be newly formed. x 54. 
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Fic. 87. Higher magnification of the outer portion of the broader pedicle of the 
largest implant shown in Fig. 85. Broken lines of cancer cells are invading 
the tubal wall from the carcinoma above. It is impossible to ascertain 
whether or not these cancer cells are in lymph vessels. At the outer mar- 
gin of the base of the pedicle one sees clumps of cancer cells in spaces which 
closely resemble dilated small lymph vessels. The lowest one of these may 
be a preéxisting lymph vessel. If so, the ones above it may be dilated, newly 
formed lymph vessels. x 54. 


. 88. The same pedicle shown in Fig. 87, from another section. The histo- 
logical picture suggests that the carcinoma of the implant is extending 
through its pedicle and invading the wall of the tube. In the base of the 
pedicle many of the spaces containing carcinoma may well be lymph vessels. 
If so, these would furnish channels for the spread of the carcinoma from the 
implant to the lymphatic circulation of the tube. Carcinoma is present in 
the tubal wall at ‘‘a.” It is impossible to determine whether or not it 
reached its present situation from the nearby implant. x 54. 
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Fic. 89. A cross-section of the Fallopian tube and a portion of the meso- 
salpinx, showing carcinomatous implants on the surface of both (Case 5). 
Note that these implants are attached by slender pedicles to the surfaces of 
the wall of the tube and the mesosalpinx. These implants are mature and 
well may represent a later stage of the condition shown in Fig. 23. Car- 
cinoma is found in the lymph vessels of the tubal wall in this section, but 
only in the portion of the wall beneath these implants (see Fig. 92). x Io. 


. 90. Higher magnification of the slender, tortuous pedicle probably unit- 
ing the left pole of the larger implant of Fig. 89 to the surface of the tube. 
I believe that the broken line of clumps of cancer cells in the portion of the 
pedicle attached to the tube is situated in a lymph vessel. Since the pedicle 
arose from an outgrowth of the tissues of the tubal wall during the granula- 
tion tissue stage of the implant, all of the structures in it including the 
blood and lymph vessels must be newly formed. The structure at the right 
of the illustration may be a continuation of the pedicle. This point was not 
determined as serial sections were not made of this block. Lymph vessels 
are not detected in the scanty and dense stroma of the implant. x 54. 


o1. Higher magnification of the slender tortuous vascular pedicle ap- 
parently uniting the right pole of the smaller implant shown in Fig. 89 to 
the surface of the mesosalpinx. Note that the lower portion of the pedicle 
contains a large blood vessel, cut obliquely, and a clump of cancer cells in a 
space which histologically resembles a lymph vessel. The clumps of cancer 
cells in the tortuous portion of the pedicle above it may also be in lymph 
vessels. Lymph vessels may be found in pedicles similar to those shown 
here (see Figs. 23 and 25). Since serial sections were not made it is not pos- 
sible to state that the pedicles shown in this illustration are portions of the 
same structure. The conditions seen in these pedicles may represent the 
attempted escape of carcinoma from the implant above them, through 
newly formed lymphatics of the pedicles. This pedicle is apparently younger 
than the one shown in Fig. 90. x 100. 


4 - 
4 
4 


XII 


> 


Sampson Lymph Vessels in Carcinomatous Peritoneal Implants 


AMERICAN JOURNAL OF PATHOLOGY. PLATE 80 
ha 
j 
go Ol 


Fic. 


FIc. 


Fic. 


PLATE 81 


92. Higher magnification of a lymph vessel situated in the tubal wall 
beneath the base of a pedicle of the larger implant shown in Fig. 89 (see 
‘“‘a”’ of that illustration). The vessel contains clumps of cancer cells which 
must have reached their present situation either by having been conveyed 
in a retrograde manner through lymph vessels from the primary ovarian 
tumor, or by having been carried downstream from the carcinoma in the 
nearby implant through lymph vessels in its pedicle. x 130. 


93. A portion of the base of a pedunculated polypoid implant on the sur- 

face of the Fallopian tube. This section is similar to those just shown and 
comes from the same patient. A cross-section of a mature tortuous pedicle 
appears at the left and presents a clump of cancer cells in a possible lymph 
vessel ‘‘a’’ (see also Fig. 94). The implant is mature. Its stroma for the 
most part is dense and contains very few blood vessels although in the 
peripheral portion of the tumor it is les, dense and more vascular. Oc- 
casionally one finds in this portion of the implant cancer cells contained in a 
space ‘“‘b” which very closely resembles the lumen of a lymph vessel. 
Be. 

04. Higher magnification of the cross-section of the pedicle shown in 
Fig. 93. I believe that the cancer cells may be implanted on the endo- 
thelial lining of a newly formed lymph vessel which accompanies the newly 
formed blood vessels of the pedicle. If lymph vessels are in the pedicle they 
also may be in the implant itself. Note the marked proliferation of meso- 
thelial cells on the surface of the pedicle and their encapsulation of cancer 
cells. This represents one type of early implantation of carcinoma on the 
peritoneum. x 130. 


95. A portion of the tubal wall beneath the implant shown in Fig. 93 and 
from the same section. Because this section is an old one and poorly 
stained it is difficult to make out clearly the cellular lining of the space in 
which the clumps of cancer cells are situated. I believe that they may be in 
a lymph vessel. x 130. 
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96. A sessile polypoid implant on the mesoappendix at its attachment to 
the appendix, from a patient (Case 6) with carcinoma of both ovaries asso- 
ciated with peritoneal carcinomatosis. The tissues of the mesoappendix 
beneath the metastasis are invaded by the carcinoma. Of particular in- 
terest is the response of the serosa of the appendix to the carcinoma (see the 
next illustration). x 25. 


97. Higher magnification of the surface of the appendix at its contact 
with the advancing edge of the carcinoma, from the section shown in Fig. 
96. Adjacent to the invading carcinoma granulation tissue has developed 
on the surface of the appendix. Present in this tissue are dilated blood ves- 
sels some of which must be newly formed. These are accompanied by 
lymph vessels ‘‘a,” ‘“‘b” and ‘“‘c” which are not only dilated but appear to 
be pushing out into the granulation tissue above them. A judged lymph 
vessel situated above vessel ‘‘b”’ and possibly continuous with the latter 
can be seen in a nearby section. Carcinoma is also present in this vessel. 
It is not known whether or not other lymph vessels extend into the ad- 
jacent and more adult newly formed tissue, above and to the right, which 
is invaded by the carcinoma. Lymph vessels as such cannot be recognized 
in this situation. x 130. 


98. The serosa of the appendix at a point close to that shown in Fig. 97. 
A peritoneal reaction is present which is characterized by a deposit of fibrin 
on its surface and the early formation of new tissue. This reaction becomes 
more pronounced as one approaches the carcinoma, to the right. The tips 
of judged lymph vessels “‘a,’’ ‘‘b”’ and ‘‘c”’ in the muscularis are dilated and 
appear to be pushing outwards towards the new tissue above them. Carci- 
noma is present in one of these vessels, ‘‘c.’’ The extent of their dilatation, 
bulging or apparent outgrowth increases as they approach the area shown 
in Fig. 97. Compare the lymph vessels shown in these two photomicro- 
graphs, using the outer margin of the muscularis of the appendix as a guide. 
In the preceding photomicrograph the portions of the vessels which can be 
seen show greater dilatation and are situated above the muscularis in 
granulation tissue which has replaced the serosa. The response of these 
vessels to the stimulation of carcinoma is believed to be the same as that of 
blood vessels. Both types of vessels play a part in the formation of the 
granulation tissue in this instance. The presence of dilated lymph vessels 
in this tissue, however, is of special significance, for they may permit an 
early dissemination of the nearby and invading carcinoma into the lym- 
phatic circulation. Therefore, the reaction of the lymph vessels in this 
situation is not only of scientific interest but it is also of clinical importance. 


X 130. 


4 


x : — 


Lymph Vessels in Carcinomatous Peritoneal Implants 


ocy. Vor. XII 
Se AMERICAN JOURNAL OF PATHOL 
96 
7 
| 
: Sampson q 


PLATE 83 


Fic. 99. The advancing edge of the carcinoma in an implant on the meso- 


Fic. 


Fic. 


appendix, similar to the one just described and from the same patient. 
Note the reaction of the serosa of the mesoappendix to the advancing 
carcinoma. The blood vessels are injected. The lymph vessels ‘“‘a,”’ ‘‘b,”’ 
““c” and “‘d” are dilated. The response of these vessels is quite similar to 
that of the vessels shown in Fig. 97 except that here the surface of the peri- 
toneum is still intact while in the other situation the serosa has been re- 
placed by granulation tissue. x 54. 


100. A section from the same block of tissue as Fig. 99 and very near it as 
is evident by comparing the two photomicrographs. Carcinoma is present 
in a dilated lymph vessel, presumably ‘“‘a”’ of the preceding illustration. 
The tumor may well have reached this situation from the invasion of 
lymph vessels, which are continuous with vessel “‘a,”’ by the carcinoma 
shown just above it and to the left in the two photomicrographs. This por- 
tion of the advancing carcinoma suggests this possibility. It is impossible 
to follow the lymph vessels into the main tumor where, if present, they are 
compressed or filled by the carcinoma. x 54. 


1o1. Granulation tissue on the surface of the appendix from a patient, 
A. H. No. 85668, with carcinoma of both ovaries associated with peritoneal 
carcinomatosis. Carcinomatous implants are present on the surface of this 
appendix. The carcinoma in some of these implants has deeply invaded 
the wall of the appendix (see Case 5 of previous paper'). In this photo- 
micrograph granulation tissue is shown with a judged dilated lymph vessel 
“‘a” and “‘b”’ which contains lymphocytes in its lumen and accompanies 
the newly formed vessels. Carcinoma in granulation tissue like this would 
have a ready channel for its dissemination into the lymphatic circulation. 
X 54. 
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Fic. 102. Asmall sessile polypoid implant in the early granulation tissue stage, 
on the surface of the ampulla of the Fallopian tube near its isthmus from a 
patient with carcinoma of both ovaries, associated with peritoneal carci- 
nomatosis (Case 7). Even though it is evidently an early implant carci- 
noma is present in a lymph vessel ‘‘a’’ in the superficial portion of the 
muscularis. How may we explain the carcinoma in this situation other 
than by a retrograde metastasis or lymphatic permeation from the ovarian 
carcinoma? (See Figs. 103 to 113 inclusive.) What is the possible signifi- 
cance of the dilated spaces about some of the cancer cells in the implant? 
Are they all artefacts due to unequal tissue shrinkage? Could some of them 
be dilated newly formed lymph vessels which have been invaded by the 
carcinoma embedded in the tissues about them? (Compare with the above 
mentioned photomicrographs.) x 25. 


. 103. Granulation tissue on the surface of the Fallopian tube adjacent to 
the implant shown in Fig. 102, from another section. The peritoneal reac- 
tion is greatest near the implant, to the left, just as it is in Fig. 97. Small 
cyst-like spaces which do not contain cancer cells are present in this granu- 


lation tissue. They are very similar to the dilated lymph vessels shown in 
Figs. 97, 99 and 101, as well as to some of the spaces containing carcinoma 
in Fig. 102. xX 54. 


. 104. Higher magnification of the thickest portion of the granulation tissue 
shown in Fig. 103 (compare with Fig. 97). This tissue has been trauma- 
tized during the operation, as shown by the extravasation of blood in it. 
Therefore, the identification of all of its elements is difficult. The structure 
indicated by ‘“‘v’’is possibly a dilated vein. It is filled with red blood cor- 
puscles with a rim of leukocytes about them. The structure indicated by 
‘“‘a”’ is probably not a vein. It has an endothelium-like lining and contains 
blood and débris. The identity of ‘‘b”’ is also uncertain. Both of these 
structures may be lymph vessels. The extravasated blood may well have 
escaped into the lumina of these two vessels through their injured walls. 
For the probable origin of these vessels see the next four photomicrographs. 
X 130. 
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Fic. 105. A portion of the tubal wall farther away from the implant of Fig. 102 
than is the peritoneal reaction shown in Fig. 103. There is here a peritoneal 
reaction similar to that shown in Fig. 98. As in the latter situation, the 
bulbous tips of what are believed to be lymph vessels ‘‘a,”’ ‘‘b”’ and ‘‘c,”’ are 
bulging or extending into the newly formed tissue on the surface of the 
Fallopian tube. These buttonhole-like vessels may be traced into the 
muscularis but not as deeply as those shown in Fig. 98. x 130. 


. 106. A later stage of the same peritoneal reaction as that shown in Fig. 
105, from another section. The serosa is replaced by early granulation 
tissue which is thicker than that shown in Fig. 105. The lymph vessels 
“a,” “b” and “‘c”’ are more dilated than those in Fig. 1o5 and bulge or 
extend farther into the granulation tissue (compare with Figs. 97 and 98). 
It is not possible to identify the vessel indicated by ‘‘d-e”’ or the deeply 
staining mass of cells marked “‘x.’’ x 130. 


. 107. A later stage of the peritoneal reaction shown in Fig. 106. The pos- 
sible lymph vessels are more dilated than those in Fig. 106 and have almost 
reached the surface of the granulation tissue. The origin of these structures 
from the lymph vessels of the muscularis is not as evident in this section as 
in the preceding two photomicrographs. x 130. 


. 108. A still later stage of the peritoneal reactions and the response of the 
lymph vessels shown in the three preceding photomicrographs. The granu- 
lation tissue is thicker and more vascular. The lymphatics are larger and 
resemble blebs in the section. Bleb ‘‘a’’ contains red blood corpuscles and 
cells which well may have escaped into its lumen from the extravasated 
blood in the tissues beneath it (compare with bleb “‘a”’ in Fig. 104). Bleb 
‘“*b’’ is intact probably because of the fact that there is no extravasation of 
blood in the tissues about it. A dilated blood vessel is situated in the granu- 
lation tissue at its left (compare with Fig. 122). The continuation of these 
dilated lymph vessels into the underlying muscularis, as shown in Figs. 98 
and 105, cannot be detected in this section but might have been seen in 
adjacent sections if the series had been complete. On the other hand, the 
lumina of these portions of the vessels may be occluded by the pressure of 
the denser tissues through which they pass (compare with Fig. 97). Such 
pressure may increase the dilatation of the portions of the lymph vessels in 
the relatively loose granulation tissue. It is also possible that the ostensible 
blebs ‘‘a’’ and ‘‘b”’ represent cross-sections of loops of dilated lymphatics 
and not sections of dilated bulbous tips of lymph vessels. Vessel ‘‘c”’ is a 
judged lymph vessel in the muscularis, which may be continuous with that 
in the granulation tissue above it. The study of these last four photomicro- 
graphs demonstrates the origin of some of the dilated spaces shown in Fig. 
104 as well as similar structures shown in Figs. 102, 111 and 112. xX 130. 
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109. A section of the sediment from the centrifugalized ascitic fluid ob- 
tained from the same patient (Case 7). Clumps of judged cancer cells are 
present in this sediment. Similar cancer cells often become implanted on 
the peritoneum. The metastasis shown in Fig. 102 represents a common 
phase in the development of such an implant. The peritoneal reactions, 
shown in Figs. 105 to 108 inclusive, as well as in Fig. 104, should have also 
been present in the early stages of the development of the implant shown 
in Fig. 102. The same or even a farther extension (growth) of the lymph 
vessels, similar to that shown in the preceding illustrations, should be pres- 
ent in the granulation tissue stroma of the implant. Therefore, at least 
some of the dilated spaces shown in Fig. 102, which apparently have been 
invaded by the neoplasm, may be newly formed lymph vessels. x 130. 


110. A portion of the implant shown in Fig. 102, from another section. 
Carcinoma enmeshed in granulation tissue is shown in the upper portion 
of the photomicrograph. A blood vessel is indicated by ‘‘b”’ and a possible 
lymph vessel accompanying it by ‘“‘a.’”’ The lymph vessel contains a few 
lymphocytes and is possibly continuous with a similar channel, marked 
“c,”’ just within the muscularis of the tube. x 130. 


111. Another portion of the implant, very near the one shown in Fig. 110 
and the same distance above the muscularis, the outer border of which ap- 
pears in the lower portion of both photomicrographs. A judged dilated 
newly formed lymph vessel surrounded by loose and possibly edematous 
tissue is indicated by ‘“‘a.” This vessel is lined by endothelium-like cells, 
the nuclei of which are unlike those of the fibroblasts about it. Its wall, at 
the left, has been torn, allowing the extravasated blood in the surrounding 
tissue to escape into its lumen. It accompanies a blood vessel which is pres- 
ent at the right. I believe that this structure represents a farther growth 
into the granulation tissue of a newly formed lymph vessel similar to those 
previously shown. Space ‘“‘b’’ may well represent a continuation of this 
vessel into the muscularis (compare with Fig. 110). Clumps of cancer cells 
are situated above and to the right of vessel ‘“‘a.’’ One of these clumps, 

‘c,”’ is in a vessel which may well be an extension of ‘‘a.”” The sections in 
the series are too far apart to determine either the continuity of the lymph 
vessels or the actual penetration of their lumina by the carcinoma em- 
bedded in the tissues about them. x 130. 


112. A portion of the base of the implant shown in the preceding illustra- 
tions. Carcinoma is present in a judged lymph vessel which is situated just 
above the muscularis. This vessel well may be a dilated preéxisting struc- 
ture and possibly is a continuation of the one in the muscularis to the right, 
indicated by ‘“‘a.’’ Carcinoma in newly formed lymph vessels similar to 
that shown in Fig. 111 may explain the presence of the neoplasm in the 
present situation. x 130. 


113. Higher magnification of the portion of the section shown in Fig. 102 
in which carcinoma is present in a lymph vessel “‘a”’ in the superficial por- 
tion of the muscularis. I believe that the evidence just presented indicates 
that the invasion of newly formed lymph vessels in the stroma of the im- 
plant by carcinoma and its farther extension into preéxisting lymph vessels 
from which the vessels of the implant were derived, explains the presence 
of carcinoma in the situation shown here better than any other mode of 
dissemination from the ovarian tumors. I also believe that newly formed 
lymph vessels in carcinomatous implants on the peritoneum permit an 
earlier dissemination of the carcinoma into the lymphatic circulation than 
would otherwise arise. x 130. 
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Fic. 114. A section of a bleb-like elevation on the surface of the peritoneum to 
the left of the large sessile polypoid implant shown in Fig. 52. There is evi- 
dence of a previous peritoneal reaction about it. A narrow prolongation of 
this bleb extends down into the peritoneum. This extension is accom- 
panied by a blood vessel at its left. The entire structure very closely re- 
sembles the dilated lymph vessels in shallow granulation tissue on the sur- 
face of the peritoneum shown in Figs. 97 and 108. x 130. 


Fic. 115. A small isolated patch of granulation tissue situated on the surface 
of the peritoneum between the lymphatic bleb shown in Fig. 114 and the 
sessile polypoid implant mentioned in the legend of that illustration. The 
granulation tissue is capped by a large mass of exfoliated mesothelial cells. 
A cyst-like cavity is present in this granulation tissue. Is it a space created 
by the rapidly growing granulation tissue or a lymphatic bleb extending 
out into this tissue? This cyst-like cavity was followed through many sec- 
tions in order to determine whether or rv t it was continuous with the lumen 
of a preéxisting lymph vessel (see the two following photomicrographs). 
X 130. 

Fic. 116. The same granulation tissue as that shown in Fig. 115. The cyst- 
like cavity ‘‘a’’ in this photomicrograph is a continuation of ‘‘a”’ in Fig. 
115. A blood vessel ‘‘b.v.”’ is situated to the right of it. The cellular lining 
of the cyst, below the letter “a,” appears to be dipping into the base of the 
granulation tissue on the surface of the peritoneum. A meshwork of lymph 
vessels ‘‘lym.” in the subperitoneal tissue is situated below this space. 
Their extension upwards towards the cyst is suggested in this photomicro- 
graph but is much better shown in the colored photomicrograph Fig. 124 
which is from a section following this one. x 130. 


Fic. 117. The same granulation tissue as that shown in Fig. 115, from a section 
beyond it in the series. The cyst in the granulation tissue has disappeared. 
The blood vessel, “‘b.v.”’ in the granulation tissue is the same as that shown 
in Fig. 116 and is also a continuation of the vessel ‘“‘b.v.”’ in the subperi- 
toneal tissue to the right of lymphatic “‘a.’”’ The latter is a continuation of 
the lymph vessels “lym.” shown in Figs. 116 and 124. I realize that the 
continuity of the cyst-like structure in the granulation tissue with the pre- 
existing lymph vessels in the tissue beneath it has not been definitely estab- 
lished. However, strong circumstantial evidence has been presented to 
indicate that this continuity does exist but cannot be definitely established 
because of the obliteration of the lumen of portions of the lymph vessel by 

the pressure from surrounding tissues. x 130. 
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118. Parietal peritoneum with carcinoma implanted in it from a patient 
with carcinoma of both ovaries and an associated peritoneal carcinomatosis 
(Case 8). Small implantations like these are of frequent occurrence. Their 
pathogenesis has been fully described in Case 4 of a previous paper.! 
Newly formed tissue is present on the surface of the peritoneum containing 
dilated newly formed blood vessels “‘b.v.’”’ The condition suggests a 
chronic form of low granulation tissue which has failed to undergo involu- 
tion because of the presence of carcinoma in it. If newly formed lymph ves- 
sels similar to those shown in Figs. 98, 107 and 108 were present in this 
tissue they might permit an earlier dissemination of the carcinoma into the 
lymphatic circulation, Since the implant is small and apparently insignifi- 
cant it might easily be overlooked in the attempt to ascertain the original 
portal of entry of the carcinoma into the lymph vessels. x 130. 


119. Another section of the implant shown in Fig. 118. It shows the ex- 
tension of the carcinoma from the surface of the peritoneum into the under- 
lying tissues. It is impossible to determine whether or not the carcinoma in 
the underlying tissues is in lymph vessels. It may be. Dilated newly 
formed lymph vessels in shallow granulation tissue, previously described, 
would furnish channels by which carcinoma implanted in that tissue could 
invade underlying structures. x 130. 


120. A very mature encapsulated implant in the parietal peritoneum. It 
well may represent a later stage of the implant shown in Figs. 118 and 1109. 
The section is from the same patient as these. Carcinoma is present in the 
tissues beneath the base of the implant. It appears as though it were ex- 
tending from the implant into these tissues. Possibly it is situated in lymph 
vessels. Carcinoma is present in a judged lymph vessel indicated by “‘a.”’ 
A small portion of a large sessile polypoid implant is shown at the left in 
the photomicrograph. Various types of implants on the parietal peri- 
toneum of this patient were studied. Only a very few of them showed any 
invasion of the underlying lymph vessels. Many more implants on the 
peritoneum in other situations, from this patient, were also studied. In 
only one of these was carcinoma found in the lymph vessels beneath it. 
The carcinoma of the ovaries apparently arose from their surface epithe- 
lium. Carcinoma was not found in the lymph vessels of either ovary. 
There is thus the strongest possible evidence that the invasion of the peri- 
toneal lymph vessels, in this patient, came from carcinoma implanted on 
the surface of the peritoneum. x 54. 
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Fic. 121. The same photomicrograph shown in Fig. 105 which has been colored 
in order to emphasize the part played by both blood and lymph vessels in a 
peritoneal reaction caused by cancer cells escaping into the peritoneal 
cavity. The judged lymph vessels ‘“‘a,” ‘‘b” and “‘c”’ have outstripped the 
blood vessels in their expansion or extension into the newly formed tissues 
on the surface of the Fallopian tube. x 130. 


. 122. A portion of the photomicrograph shown in Fig. 108 (also colored) 
picturing a later stage of the peritoneal reaction shown in Fig. 121 (com- 
pare with Figs. 106, 107 and 108). x 130. 


. 123. The photomicrograph, shown in Fig. 98, which has been colored to 
demonstrate better the progressive expansion or extension of the judged 
lymph vessels ‘“‘a,”’ “‘b’’ and ‘‘c”’ of the muscularis of the appendix into the 
newly formed tissue on its surface. Carcinoma is present in lymph vessel 
“c”’ (compare with Figs. 97 and 98). x 130. 


. 124. Colored photomicrograph of a section adjacent to that shown in Fig. 
116. The continuity between the preéxisting lymph vessel “‘lym.”’ and the 
dilated, possibly newly formed lymph vessel ‘‘a’’ in the granulation tissue 
above it is better portrayed than in Fig. 116. Note the extension of the pre- 
existing lymph vessel towards (see arrow) and almost into the possibly 
newly formed lymphatic ‘“‘a”’ which is adjacent to a newly formed blood 
vessel (compare with Figs. 115, 116 and 117). x 130. 


a 
j 
} 
4 
| 
Fic 
a 
Fic 
a 3 
a 
|} 
— 
a 
— 
a 
4 


AMERICAN JOURNAL OF PATHOLOGY. VoL. XII PLATE &9 


- 


Lymph Vessels in Carcinomatous Peritoneal Implants 


a 
. 
‘i 


PLATE 90 


Fics. 125 and 126. Carcinoma in the lymphatics of the wall of the left Fallo- 


Fic. 


Fic. 


Fic. 


FI 


Fic. 


pian tube from a patient, A. H. No. 9895, with carcinoma of both ovaries 
associated with peritoneal carcinomatosis. Extensive implantation metas- 
tases were found in the omentum and in both culs-de-sac. Implants of 
various types were also present in many other situations. However none 
was observed on the surface of either tube. The ovarian tumors were ad- 
herent to the posterior surface of the uterus and had invaded that organ, 
including the lymph vessels of the myometrium. Carcinoma is present in 
the lymph vessels of all portions of the left tube including its fimbriae and 
mesentery. In Fig. 125 the carcinoma is shown in the lymphatics beneath 
the tubal mucosa and in Fig. 126 in similar channels beneath the serosa. 
The histological study of this tube indicates that the distribution of the 
carcinoma in it is due to retrograde lymphatic permeation and metastasis. 
In places newly formed tissue is present on the serosa of the tube (see the 
following photomicrographs). x 54. 


127. Newly formed tissue which has arched over the surface of the tube. 
This tissue contains newly formed blood vessels which are accompanied by 
newly formed lymph vessels. The origin of the latter from preéxisting 
lymphatics can be seen plainly in the two attachments of this newly formed 
tissue to the serosa of the tube, one of which appears in this photomicro- 
graph, and the other in the next photomicrograph. Carcinoma is not pres- 
ent in this newly formed tissue which forms the stroma of many implants. 
If it had been present it might have invaded the nearby newly formed 
lymphatics and thus spread to the preéxisting lymphatics of the tube. If 
carcinoma had been present in the preéxisting lymph vessels beneath the 
attachment of the newly formed tissue it might have spread into the newly 
formed lymph vessels. x 54. 


128. The other attachment of the newly formed tissue shown in Fig. 127 
to the surface of the tube. Newly formed lymph vessels are also present in 
this tissue. The study of the series of intervening sections indicates that 
these vessels are continuous with those shown in Fig. 127. x 54. 


129. A portion of the serosa and subserosa of the tube from the same 
series of sections shown in the preceding photomicrographs. Carcinoma is 
present in the lumen of a lymph vessel of the subserosa (see the next photo- 
micrograph). x 54. 

130. A field similar to the preceding one and near it in the series of sec- 
tions. The same lymph vessel, shown in Fig. 129, has extended outwards 
into newly formed tissue which has arisen on the surface of the tube. This 
tissue forms one of the attachments of the arch of newly formed tissue to 
the surface of the tube shown in the next photomicrograph. x 54. 


131. Newly formed tissue which has arched over the surface of the tube. 
Another portion of the attachment of this tissue to the tube is shown in 
Fig. 130. This tissue contains a newly formed lymph vessel with carci- 
noma in its lumen. This vessel is shown in the series of sections to be con- 
tinuous with the lymph vessel in the two preceding photomicrographs. The 
carcinoma in this vessel is also continuous with that shown in those photo- 
micrographs. Carcinoma is present only in the lymph vessel of this newly 
formed tissue. Under the circumstances, just presented, it must be meta- 
static from the neoplasm in the preéxisting lymphatics of the tube. The 
condition, just shown, should not be confused with those pictured in Figs. 
84, 85, 96, 102 and 120, where I believe that carcinoma implanted on the 
peritoneum gained access to the preéxisting lymphatics beneath it either 
by directly invading these vessels or else by first penetrating newly formed 
lymph vessels in the implants. x 54. 
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LESIONS OF THE CARDIAC VALVE RINGS IN 
RHEUMATIC FEVER * 


Louts Gross, M.D., anp CHartes K. FrrepBerc, M.D. 


(From the Laboratories of The Mount Sinai Hospital, New York, N. Y.) 


In a recent report by Gross and Kugel! on the topographical 
anatomy and histology of the valves in the human heart they de- 
scribed and defined precisely the topographical relations of certain 
areas which constitute the proximal portion of each valve leaflet 
and termed these the “valve rings.” | In the above mentioned re- 
port the authors drew attention to the proximity of a pericardial 
wedge to most of the valve rings and indicated the strategic im- 
portance of the juxtaposition of these structures in the spread of 
infection. It was also pointed out that infection may spread by 
contiguity between the aortic, mitral and tricuspid valves, by 
way of the aortic annulus extensions (intervalvular fibrosa and 
septum fibrosum) which join these several structures. In support of 
the former, Friedberg and Gross” have recently shown that one 
of the mechanisms by which a rheumatic pericardial lesion may 
arise is by spread from a contiguous ring lesion. 

In the few scattered reports dealing with lesions at the base of the 
valve no attempt was made to define accurately the ring as a topo- 
graphical entity. Nevertheless, it is of interest to note that Holsti * 
found inflammatory processes in the valve root (Wurzel) and in the 
tissue surrounding the valve root in rheumatic hearts in which there 
was a deep valvulitis. Of greater importance is the report by Kugel 
and Epstein ‘* in which these authors noted the presence of Aschoff 
bodies and diffuse inflammation in the musculo-arterial junction 
of the pulmonic root in 17 of 24 cases of active rheumatic fever, and 
generally diffuse inflammation in the fibrous ring of the aorta (which 
corresponds to the musculo-arterial junction) in 22 of 24 active cases 
of rheumatic infection. In discussing the pathogenesis of these 
lesions Kugel and Epstein suggested that involvement of the pul- 
monary artery could come about (1) by direct extension along the 


* Aided by grants from the Lucius N. Littauer and Walter W. Naumburg Funds. 
+ The term “ring” has been employed by other observers to indicate different sites, 
e. g. base of the valve leaflets, annulus, musculo-arterial junction, and so on. 
t This area corresponds to the junction of the annulus with adjacent myocardium. 
Received for publication February 5, 1936: 
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intimal wall, (2) by way of the vasa vasorum, and (3) by direct ex- 
tension from inflamed pericardium. They stated further that “in 
the pathogenesis of valvulitis it is easily conceivable that the in- 
flammation which has started in this vulnerable place (musculo- 
arterial junction) may extend up into the valve and there set up a 
corresponding reaction.” In commenting on these observations 
Libman ° suggested that the systolic murmurs heard along the left 
border of the sternum early in rheumatic heart disease may be due 
to valvulitis and, especially, disease of the mitral and possibly the 
pulmonic rings. The murmurs often disappear when a typical 
systolic murmur of mitral insufficiency develops (heard loudest at 
the apex and transmitted to the left). 

Apart from the fact that no musculo-arterial junction exists in the 
auriculoventricular valves, considerable experience with histological 
studies of rheumatic fever material has convinced us that neither 
this site nor the roots of the valve show the earliest or most con- 
spicuous lesions. In this and in a subsequent report ® we propose to 
present evidence that indicates the valve ring, as defined by Gross 
and Kugel,’ is the site of election for such lesions. It will be shown 
that in cases of acute rheumatic fever inflammatory lesions in the 
valve ring probably invariably precede the appearance of inter- 
stitial valvulitis. Indeed, the process may be limited to this area or 
may extend for a short distance only into the valve leaflet. For these 
reasons the valve ring must be considered a strategic site in the 
pathogenesis of rheumatic valvulitis, a focus from which other proc- 
esses may extend. 

This report will concern itself with a description of the gross and 
microscopic ring lesions that are found in active and in inactive 
cases of rheumatic fever, together with a discussion of the normal 
age period changes that this area undergoes in non-rheumatic hearts. 
Attention will also be directed to the intervalvular fibrosa,* as well 
as to the subaortic and subpulmonic angles,* since these latter areas 
are included under the definition of the valve ring. The changes 

* The intervalvular fibrosa (Fig. 1) represents the annulus extension of the aortic 
root which passes below the level of the posterior and left aortic cusps and is clothed by 
endocardium. It extends from the base of these aortic rings to the proximal termina- 
tion of the anterior mitral leaflet. The subaortic and subpulmonic angles, collectively 
termed subvalvular angles, correspond to the endocardial tissue immediately overlying 
the angle made by the junction of the semilunar cusps with the subjacent structure 


(myocardium, annulus or septum fibrosum). For a detailed description of these struc- 
tures see Gross, Antopol and Sacks.® 
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that take place in the remainder of the valve leaflet, in the valve 
pockets and in the chordae tendineae, will be taken up in a sub- 
sequent report.® 


MATERIAL AND METHODS 


The material consisted of 40 non-rheumatic control hearts and 97 
rheumatic hearts. Seventy-one of the latter were active and showed 
Aschoff bodies in the myocardium, and 26.showed chronic valvular 
disease of the typical rheumatic variety but without evidence of 
activity either clinically or pathologically, and with no demon- 
strable Aschoff bodies in the myocardium. The grouping as to 
activity and inactivity was based on the criteria outlined by Roths- 
child, Kugel and Gross.’ Particular care was taken to avoid material 
that in any way indicated the possibility of a coexisting bacterial 
endocarditis. A careful study of the clinical records and pathological 
specimens made it possible to divide the rheumatic cases into the 
following groups: 


Group I. Active cases where death took place during the first 
attack (12 cases). 


Group II. Active cases where one preceding attack occurred 
within 1 year of the fatal outcome (7 cases). 


Group III. Active cases where one previous attack occurred 
at least 2 years previous to the fatal outcome 
(11 cases). 


Group IV. Active cases with a history of repeated attacks, 
death occurring during an acute recurrence 
(13 cases). 

Group V. Active cases where death was caused by decompen- 
sation without clinical evidence of a final recur- 
rence. In some of these cases there was no pre- 
vious history of rheumatic fever (28 cases). 


Group VI. Inactive cases of chronic valvular disease of the 
typical rheumatic variety (26 cases). 


The sections from which these studies were made were cut accord- 
ing to the standardized technique of Gross, Antopol and Sacks,’ and 
the technical procedures were those previously described by Gross 
and Ehrlich.® 
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TOPOGRAPHICAL RELATIONS OF THE SEMILUNAR VALVE 
R1nGs * 


If one examines microscopically the semilunar cusps on cross- 
section (Fig. 1) it will be observed that the annulus fibrosis’ termina- 
tion of the aorta and of the pulmonary artery splits into two limbs. 
One limb surrounds the sinus pocket and ascends the valve leaflet to 
form its fibrosa layer; the other is in close apposition to the adjacent 
myocardium and sends fibrous interdigitations into this structure. 
The line of junction between the myocardium and annulus forms 
the base of the semilunar cusp ring. It will be noted further that the 
two limbs of annulus, together with the endocardial covering of the 
valve leaflets at its base (ventricularis layer), generally enclose a 
triangular area occupied by a jelly-like tissue made up of transversely 
coursing collagen and elastic fibers with scattered stellate cells. 
This loose triangular area is the ring spongiosa. The cross-sectional 
limits of the ring may be defined as encompassing the roughly tri- 
angular area which includes the ring spongiosa with its ventricularis 
mantle, together with the two abutting limbs of annulus. 

In the aortic rings the valve spongiosa is generally quite sharply 
defined; in the pulmonary rings, however, the separation of this 
layer from the fibrosa is usually not so sharp. Furthermore, elastic 
fibrils are not seen so often until later age periods, and the connec- 
tive tissue feltwork is generally denser. 

With regard to the existence of blood vessels in the semilunar 
cusp rings, our present observations confirm those of Gross and 
Kugel,’ who found, in an examination of 100 normal hearts, that the 
aortic ring showed no vessels: in the pulmonic ring capillaries were 
observed in 7 per cent of the cases. These vessels are small and 
circular on cross-section, not surrounded by inflammatory cells, and 
in structure easily differentiated from granulation tissue capillaries. 
Furthermore, they almost invariably lie in the ring spongiosa. 

The endocardium of the subvalvular angles (subaortic and sub- 
pulmonic) shows a slow progressive elastification. In the later age 
periods a small, oval, elastified reduplication may be found. This is 
sharply limited in its extent and never possesses blood vessels or 
inflammatory cells. 

The intervalvular fibrosa consists of the downward extension of 


* For a more detailed description of these areas see Gross and Kugel.! 


} 


CARDIAC VALVE RINGS IN RHEUMATIC FEVER 473 


the aortic annulus which lies behind the posterior and left aortic 
cusps. It extends from the lower border of the aortic valve ring to 
the level of the auricular myocardial wedge tip and normally con- 
sists of dense collagen bundles with sparse cells and without blood 
vessels. The intervalvular fibrosa is covered by a more or less deli- 
cate layer of endocardium. In the later age periods the collagen 
becomes hyaline, and lipoid and calcific deposits may take place. 
Inflammatory cells and, in advanced lesions, granulation tissue may 
be seen in the neighborhood of these deposits. 

With regard to the gross appearance of the semilunar rings, it may 
be stated that on cross-section these are extremely minute and 
sharply etched. Direct inspection of the ventricular aspect of the 
ring area shows a thin sharp line marking the insertion of the valve 
leaflet onto the adjacent myocardial structure. Not infrequently 
this sharp line shows a delicate depression which runs along the en- 
tire base of the valve leaflet. With advancing age the subvalvular 
angles develop a grayish appearance which is caused by a moderate 
elastification of the endocardium. 


AGE PERIOD CHANGES IN THE HISTOLOGY OF THE 
SEMILUNAR VALVE RINGS 


The large loose spongiosa of the aortic ring is frequently clearly 
defined by the third month of life. Elastification of the spongiosa 
generally becomes conspicuous from the fourth decade on, although 
it is occasionally seen considerably earlier. In the later age periods 
the structure becomes increasingly fibrillar, and toward the end of 
the sixth decade fat cells and dense collagenous bands not infre- 
quently make their appearance. As a consequence the spongiosa of 
the aortic cusp may become rather small and dense, as well as 
heavily elastified. The annulus component of the ring shows no 
conspicuous changes until the later age periods when hyalinization, 
lipoid and calcific deposits, and even bone deposition may take place. 
The latter, as stated, is frequently surrounded by granulation tissue. 

The pulmonic ring is, on the whole, considerably smaller than the 
aortic. In the earlier age periods it is frequently hardly discernible. 
However, from about the fifth year on it forms a somewhat fibrillar 
though still spongy zone. This develops elastification at about the 
same time as the corresponding aortic ring. Fibrillar changes con- 
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tinue to take place and, after the end of the fourth decade, the pul- 
monic ring is apt to be small, dense, collagenous and elastified. 


TOPOGRAPHICAL RELATIONS OF THE AURICULOVENTRICULAR 
VALVE RINGS 


Since there is a wedge of myocardium (Fig. 1) inserted into the 
auriculoventricular cusps, a line drawn through the apex of this 
wedge at right angles to the auricular endocardium may be con- 
sidered a simple means of defining the proximal limit of the auriculo- 
ventricular valve rings. In all the auriculoventricular cusps, with 
the exception of the septal flap of the tricuspid valve, cross sections 
of the ring may be arbitrarily considered as an inverted, triangular 
shaped portion of annulus in the immediate vicinity of the auricular 
myocardial wedge apex, limited above by the line referred to, which 
constitutes the base of this inverted triangle, and internally by the 
endocardium. It is found convenient to consider the triangle more or 
less equilateral and to take the width of the valve as a rough meas- 
ure of each side. In contrast to all the other auriculoventricular 
valve cusps the septal flap of the tricuspid valve is inserted onto the 
annulus fibrosis or interventricular septum through the intermediary 
of a wide base. Here the ring may be conveniently considered as 
roughly rectangular in shape. The upper limit is the transverse line 
drawn through the apex of the auricular wedge; the lower limit is a 
similar line drawn at right angles to the endocardium at the level of 
the valve pocket; the outer limit is an imaginary line drawn parallel 
to the endocardium at a distance from it approximately equal to the 
width of the valve; and the inner limit is the endocardium. 

With regard to the existence of blood vessels in the auriculoven- 
tricular rings, it may be stated that the anterior mitral valve ring 
possessed capillaries in 1 per cent of 100 cases examined by Gross 
and Kugel,! the posterior mitral ring in 2 per cent, and the septal leaf- 
let of the tricuspid ring in 14 per cent. The incidence of capillariza- 
tion of the remaining tricuspid leaflets is considerably lower. As in 
the semilunar rings, the mitral ring capillaries, when present, are 
extremely sparse and characteristically not of the granulation tissue 
variety. The vessels found in the septal leaflet of the tricuspid ring 
are generally more numerous, not infrequently take the appearance 
of somewhat dilated sinusoids, but still qualitatively show no evi- 
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dence of inflammatory origin. Inflammatory cells are normally not 
present in the auriculoventricular rings. 

Gross inspection of the auricular aspect of the auriculoventricular 
rings discloses a clear-cut, delicate straight line which marks the in- 
sertion of the valve leaflet onto the adjacent myocardial structures. 
Although strands of auricular myocardium are occasionally seen 
extending into the base of the valve leaflets in the posterior mitral 
and tricuspid leaflets, particularly during the earlier age periods, the 
ring area is nevertheless quite clear-cut because of the rather abrupt 
termination of the bulk of the auricular myocardial wedge. 

On cross-section the auriculoventricular rings (with the exception 
of the anterior mitral) show the same delicacy of structure as de- 
scribed for the semilunar rings. The anterior mitral ring is not 
clearly defined on gross inspection of the cross-sections and consists 
of the tissue immediately beyond the auricular myocardial wedge 


apex. 


AGE PERIOD CHANGES IN THE HISTOLOGY OF THE 
AURICULOVENTRICULAR VALVE RINGS 


The rings of the auriculoventricular leaflets consist, during the 
early age periods, practically entirely of annulus which becomes con- 
tinuous with the fibrosa layer. The spongiosa is extremely incon- 
spicuous. In the posterior mitral and tricuspid rings strands of 
auricular myocardium are not infrequently seen to dip fairly deeply 
toward the tip of the valve. This, however, is rarely seen after the 
first decade. Fat cells are occasionally found in the posterior mitral 
and in the tricuspid rings after the end of the fourth decade. In the 
later age periods the spongiosa layer is apt to show increased elastifi- 
cation and assumes a somewhat looser structure. The smooth muscle 
component of the auricularis layer of the auriculoventricular cusps 
also becomes more prominent with increasing age. 


Gross APPEARANCE OF RHEUMATIC VALVE RINGS 


Definite gross abnormalities were present in the rings of one or 
more valves of the hearts of the first 5 groups. In the 6th group 
occasional cases appeared to have normal valve rings on gross ex- 
amination. In general, the presence and severity of gross ring 
abnormalities corresponded to the extent of involvement of the 


2 
3 
E 
a 
e 


476 GROSS AND FRIEDBERG 


remainder of the valve — the mitral, aortic, tricuspid and pulmonic 
being affected in that order. In the majority of instances all four 
valve rings showed definite abnormalities. 

The most frequent alterations were widening and irregularity of 
the superficial aspects of the rings. As a result the fine sharp bound- 
ary line between auricle and valve or between ventricle and valve 
became indefinite or hazy. Not infrequently the depression indicat- 
ing the valve attachment was completely lost, the auricular or ven- 
tricular endocardium merging with that of the valve. As will be 
shown, these alterations in appearance are due to exudative and 
proliferative changes which fill out the ring boundary. Further- 
more, inasmuch as considerable swelling, exudation, and later 
scarring, occur in the ring, the structure is not infrequently elevated 
above its previous level (i.e. toward the cardiac lumen) and, there- 
fore, appears more prominent than normal. This is particularly 
true of the semilunar valves. Even in the presence of relatively 
little deformity of the semilunar cusps the normal translucency of 
the ring endocardium in the earlier age periods, and its delicate 
graying with age, were almost invariably replaced by a conspicuous 
‘‘ground-glass”’ zone as the result of the formation of subvalvular 
reduplications. Occasionally there was gross vascularization of the 
ring region. 

On cross-section the rings were frequently seen to be considerably 
thickened and sometimes swollen. In the cases of Group V and 
Group VI the rings frequently appeared normal on superficial ex- 
amination but showed thickening on cross-section. In these same 
groups several of the cases revealed the presence of macroscopic 
lime in the ring of the mitral or aortic valve. 


Microscopic APPEARANCE OF RHEUMATIC VALVE RINGS IN 
Group I 


(12 Active Cases Where Death Took Place During the 
First Attack) 


In all 6 clinical groups of rheumatic fever investigated it was 
found that the most frequent site for the localization of the ring 
lesions was the ring spongiosa. In Group I the lesions were gen- 
erally most extensive and consisted of a marked increase in capil- 
laries and inflammatory cells (Fig. 2). Because of the short duration 
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of the ring lesions in this group, scarring, while present in a number 
of the cases, was not a conspicuous feature. The scarring manifested 
itself generally by an increase in the collagenous content of the 
spongiosa and a widening of the annulus as a whole. 

As in the other groups, the lymphocyte was the predominating cell 
of the inflammatory exudate. Individual cases may show a pre- 
dominance of polymorphonuclear leukocytes with a scattering of 
histiocytes, fibroblasts and, more rarely, mast cells. Infrequently 
the predominating cell was the young fibroblast. In approximately 
10 per cent of each of the rings in this group, Aschoff bodies (Fig. 3) 
of the intercryptic mosaic variety were noted, particularly in the 
annulus portion of the ring. Occasionally eosinophilic swelling of the 
collagen (fibrinoid change) was also present. 

In this group, vascularization by means of arteries and arterioles 
was extremely sparse. Furthermore, only one ring showed a vessel 
of the intimal musculo-elastic hyperplastic type.* The paucity of 
muscular vessels indicates that the lesions were acute, that, as will 
be shown later, they were the result of a first attack of rheumatic 
fever, and that death took place after a short interval from the on- 
set of the disease. Inasmuch as the average duration of the rheu- 
matic bout in this series was approximately 6 weeks, it appears that 
more than 6 weeks are generally required for the development of 
muscular vessels in an inflammatory lesion resulting from rheumatic 
fever. 

As will be shown later, in the absence of inflammatory cells it is at 
times difficult to determine whether the existing capillaries or vessels 
represent newly formed vascular channels or the residua of a scarred 
auricular myocardial wedge apex. This difficulty is encountered 
chiefly in the clinical groups in which activity of the lesion is at a 
minimum. However, even in the presence of scarring, isolated 
myocardial fibers usually determine the original extent of the wedge. 
The ring lesion should be considered as starting beyond the most 
distal of such isolated myocardial fibers. 

In the auriculoventricular rings the spongiosa is generally limited 
in its extent. Particularly in the septal tricuspid ring, however, the 
spongiosa layer may be more conspicuous and this may be exagger- 
ated by edema (Fig. 3). The lesion begins at the apex of the auricu- 


* For a detailed description of these vascular lesions occurring in rheumatic fever 
see Gross, Kugel and Epstein.” 
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lar myocardial wedge and involves the adjoining auricularis and 
fibrosa layers. In those instances in which the lesion was large it 
extended chiefly along the valve spongiosa zone and became con- 
tinuous with a similar lesion within the valve leaflet (interstitial 
valvulitis). Furthermore, as frequently happened in this group, the 
lesion also diffusely involved the collagenous annulus which sur- 
rounds the valve pocket. Occasionally the newly formed capillaries 
localized around the tip of the auricular myocardial wedge. 

In the semilunar valves, particularly the aortic, the capillaries 
were seen penetrating from the spongiosa into the surrounding 
annulus limbs. Not infrequently they approached the insertion of 
the great vessels and also extended down the intervalvular fibrosa. 
Of the 12 cases in this group, 7 showed capillarization and inflamma- 
tory cell involvement of the intervalvular fibrosa. As in the other 
groups to be described, the intervalvular fibrosa lesion consisted 
generally of capillaries irregularly distributed throughout the col- 
lagenous bundles with a tendency to localize close to the auricular 
myocardial wedge. These capillaries were surrounded by variable 
numbers of lymphocytes, occasionally by polymorphonuclear 
leukocytes and other mononuclear cells. 

Subaortic lesions * were found in to cases of this group. These 
consisted generally of a fibro-elastic layer overlying the dense elastic 
endocardial membrane and were histologically similar to what has 
been termed the elastified auricular endocardial reduplication 
(Gross). These structures will be referred to in this report as 
subaortic reduplications. When they occur in the subpulmonic 
angle they will be termed subpulmonic reduplications. The mechan- 
ism of their formation is apparently similar to that described for the 
characteristic auricular reduplication. Indeed a number of the cases 
in this group showed active proliferative phenomena of the local 
fixed tissue cells, and stages in the transformation of these cells into 
connective tissue with subsequent elastification of the collagen. 
Various grades of inflammatory cell infiltration were associated with 
this process. 

In a few cases multiple reduplications were noted (Fig. 4). These 
again bore a close resemblance to the multiple auricular endocardial 
reduplications. The oldest reduplications, i.e. those nearest the 

* Lesions were considered reduplications only when they exceeded in extent the 


elastification of the subvalvular angles, which occur in non-rheumatic hearts with in- 
creasing age, or when they showed qualitative differences from these. 
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original endocardium proper, were generally elastified. The most re- 
cent reduplications consisted of proliferated cells (mesenchymal (?)). 
The intermediate layer or layers were largely collagenous. The 
several layers were separated by dense elastic bands. In 4 cases the 
reduplications were vascularized. This process apparently consists 
of vascular penetration from the spongiosa and annulus portions of 
the rings into the subaortic reduplications. One case showed Aschoff 
bodies within the subaortic lesion, as well as a verrucous change on 
its endocardial surface. 

Three of the cases in this group showed moderate subpulmonic 
elastified reduplications with rather sparse inflammatory cells. 
These reduplications were presumably of rheumatic origin. It will 
be noted that in all the groups to be discussed the subpulmonic 
lesions were generally milder than those occurring in the subaortic 
angle. 

Of the 12 cases in this group, 10 showed involvement of all valve 
rings. In only 2 cases was one of the rings free of inflammatory 
changes. It must be noted, however, that these studies are based 
largely on one representative section from each ring. There is, there- 
fore, a possibility that serial sections might have disclosed a lesion in 
every ring of each specimen. The two rings that presented no in- 
flammatory lesion were the anterior mitral in 1 case, and the aortic 
in the other. The tricuspid and pulmonary ring lesions were in many 
cases the most severe. 


Microscopic APPEARANCE OF RHEUMATIC VALVE RINGS IN 
Group II 


(7 Active Cases Where One Preceding Attack Occurred Within 
1 Year of the Fatal Outcome) 


The ring lesions in this group were, on the whole, even more ex- 
tensive than those in Group I. Moreover, they possessed certain 
distinctive qualitative differences from the latter (Fig. 5). A typical 
semilunar ring lesion showed considerable scarring of the spongiosa 
with increase in elastic fibers. Furthermore, the adjacent annulus 
limbs were so conspicuously widened by scar tissue that the ring as a 
whole showed macroscopic enlargement on cross-section. Between 
the meshes of this collagenous and elastic tissue there were fre- 
quently to be seen extraordinarily numerous inflammatory cells and 
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intensely engorged and dilated capillaries, thick walled arterioles, 
small arteries showing the typical intimal musculo-elastic hyper- 
plastic changes, and occasionally considerable obliterating intimal 
fibrosis or channelling. The vessels, together with inflammatory 
cells, were dispersed throughout the surrounding annulus limbs and 
extended into the valve leaflets toward the roots of the great vessels 
and down the intervalvular fibrosa. The inflammatory cells were 
generally quite numerous and consisted chiefly of lymphocytes, but 
also of plasma cells, polymorphonuclear leukocytes and fibroblasts. 
The incidence of Aschoff bodies and eosinophilic swelling of collagen 
was approximately the same as in Group I. 

Of additional interest is the fact that the intervalvular fibrosa 
showed inflammatory lesions in every case. Generally the involve- 
ment was fairly conspicuous. In 1 case (Fig. 6) it was so extensive 
and was associated with such pronounced whorling and hyaliniza- 
tion of the collagenous bundles that it suggested the presence of a 
syphilitic lesion (Sohval 

The auriculoventricular ring lesions were qualitatively similar to 
those described for the semilunar rings. Here again the topograph- 
ical differences in this site produced corresponding changes in the 
histological pattern. The rings were apt to be considerably scarred 
and showed elastification as well as elastica distortion. The annulus 
was usually definitely involved and, in the less active lesions, the 
capillaries showed compression and distortion. Frequently a con- 
spicuous feature was the presence of widened, vascularized and in- 
flamed auricularis reduplications in the ring region. These extended 
down the auricular surface of the auriculoventricular leaflets. 

A characteristic feature of the Group IT semilunar ring lesions was 
the frequency with which the vessels in the ring penetrated the 
elastic layer of the subvalvular angle and thus produced pronounced 
vascularization of the subvalvular reduplications to be described. 

Six of the 7 cases in this group showed multiple, vascularized 
subaortic reduplications (Fig. 4). These consisted of superimposed 
zones of elastified and collagenous bundles separated by dense longi- 
tudinal bands of elastic tissue. Principally in the deeper layers of 
these multiple reduplications, numerous vessels, particularly of the 
intimal musculo-elastic hyperplastic type, were found. Generally 
the most superficial of these reduplicated layers showed the presence 
of smooth muscle bundles. As in Group I, inflammatory exudate 
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was, on the whole, sparse in the subvalvular angle. Four of the 
cases in this group showed subpulmonic lesions. These were less 
conspicuous than the aortic lesions and were multiple in only 2 cases. 
When the subvalvular reduplications were pronounced they were 
seen at times extending up the ventricularis aspect of the semilunar 
cusps, principally the aortic, to form a considerable thickening of the 
valve substance. 

All the rings were involved in every case but 1 in this group. In 
this case only the aortic ring was free from any inflammatory proc- 
ess. As in Group I, the tricuspid and pulmonary ring lesions were 
frequently the most severe. The outstanding features of Group II 
ring lesions were the intensity of the inflammatory reaction, the 
frequent presence of intimal musculo-elastic hyperplastic vascular 
lesions, the multiplicity and vascularization of the subaortic re- 
duplications, and the invariable involvement of the intervalvular 
fibrosa. A further aid in identifying ring lesions of this group was 
the frequent presence of intimal musculo-elastic hyperplastic vascu- 
lar lesions in the adjacent myocardium. 


Microscopic APPEARANCE OF RHEUMATIC VALVE RINGS IN 
Group III 


(11 Active Cases Where One Previous Attack Occurred at 
Least 2 Years Previous to the Fatal Outcome) 


In approximately half of the cases belonging to Group ITI the le- 
sions were extensive and showed considerable activity. Thus, marked 
edema, Aschoff bodies and eosinophilic swelling of the annulus 
collagen were occasionally noted. In most of the rings the lympho- 
cyte was the predominating cell. However, in 2 cases the exudate 
consisted largely of polymorphonuclear leukocytes, and in 2 other 
cases of plasma cells. In about half of the cases the lesions were con- 
siderably milder and were represented by scarring with distortion 
and compression of the residual capillaries. Intimal musculo- 
elastic hyperplastic vessels were rare. On the other hand, thickened 
and sometimes hyalinized arterioles were frequently noted. On the 
whole the rings were generally not as greatly widened as in Group II. 
Thus, the ring lesions in this group lacked the flagrant hypercapil- 

-larization seen in Group I and the frequent vascularization with 
intimal musculo-elastic hyperplastic lesions seen in Group II. 
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The subaortic angle was invariably involved in Group III. In 9 
of the 11 cases this consisted of multiple elastified reduplications, in 
most instances vascularized. As in the ring lesion proper, intimal 
musculo-elastic hyperplastic lesions were infrequent. An Aschoff 
body was present in one subaortic lesion. In the subpulmonic angle 
lesions were found in approximately half the cases. Two of these 
consisted of multiple reduplications. In 1 there was an eosinophilic 
swelling of the collagen, and in only 1 was the lesion vascularized. 
Inflammatory changes in this area were considerably milder than in 
the subaortic angle. The intervalvular fibrosa was involved in all 
cases. The involvement was fairly extensive and in 2 cases, besides 
the capillaries, muscular vessels were noted. 

Nine of the 11 cases showed involvement of each ring. In 1 of the 
2 remaining cases the aortic ring was uninvolved and in the other 
the anterior mitral ring was uninvolved. On the whole, it appears 
that the pulmonic and tricuspid rings were somewhat more exten- 
sively involved than the other rings. 


Microscopic APPEARANCE OF RHEUMATIC VALVE RINGS IN 
Group IV 


(13 Active Cases Where Repeated Attacks Took Place, Death 
Occurring During an Acute Recurrence) 


The ring lesions in this group were similar to those in Group IIT 
(Fig. 7). There were, however, several additional features. Elastifi- 
cation and elastica distortion were often a more conspicuous feature. 
Intimal musculo-elastic hyperplastic vascular lesions were some- 
what more frequent than in the previous group. The capillaries 
were often distorted by scarring, and hyalinized arterioles were fre- 
quently seen. In a number of cases the inflammatory cells tended to 
localize around the vessels. 

The exudate in all cases consisted of lymphocytes. These were 
generally considerably sparser than those noted in the previously 
described groups. Aschoff bodies were seen in only two rings, one 
pulmonic and one tricuspid. 

The subaortic angles were all involved and, with one exception, 
showed multiple reduplications. All the subaortic lesions showed 
vascularization. In 3 of the cases intimal musculo-elastic hyper- 
plastic vessels were noted in the subaortic reduplications. 


CARDIAC VALVE RINGS IN RHEUMATIC FEVER 483 


Only 4 cases showed subpulmonic reduplications. Two of these 
were of the multiple vascularized variety. Eleven of the 13 cases 
showed lesions of the intervalvular fibrosa. These were similar to 
those described in Group ITI. 

Every case but 1 showed involvement of all the rings. In this 
case both the anterior mitral and the tricuspid rings showed no 
lesions. The tricuspid ring lesion was often quite severe. 


Microscopic APPEARANCE OF RHEUMATIC VALVE RINGS IN 
Group V 


(28 Active Cases Where Death Was Caused by Decompensation 
Without Clinical Evidence of a Final Recurrence. Some of 
These Cases Had No Previous History of Rheumatic Fever) 


In considering the lesions in this group it is to be noted that the 
clinical manifestations of rheumatic fever were, on the whole, much 
milder than in the previous groups. Furthermore, the age period 
in the average case was considerably older than that in the first 
4 groups. 

In this group the vascular lesions in the rings consisted of capil- 
laries, thick-walled, often hyalinized arterioles, and small arteries 
with hypertrophied media or with intimal fibrosis. These lesions 
occurred with about equal frequency. In some cases all of these 
vascular lesions were present, in others only capillaries were noted. 
Not infrequently the number of vessels present was extremely few. 
Involvement of the surrounding annulus fibrosis was less frequent. 
Intimal musculo-elastic hyperplastic lesions were infrequent. 

A conspicuous feature of the ring lesions in this group was the 
pronounced scarring and the dense and distorted elastification. The 
annulus was frequently hyalinized and showed a distinct paucity of 
cells. In the older age periods calcific deposition and bone forma- 
tion were sometimes present in the ring. 

Inflammatory cells were present in most of the ring lesions but 
were often exceedingly sparse. These consisted generally of scat- 
terings of lymphocytes. In 2 cases the cells were fairly numerous 
and consisted of polymorphonuclear leukocytes. An Aschoff body 
was noted in only 1 case (pulmonic ring). In another case the pos- 
terior mitral ring showed eosinophilic swelling of collagen. 

Subaortic lesions were present in only 12 cases. Almost invari- 


4 


484 GROSS AND FRIEDBERG 


ably these consisted of multiple vascularized elastified reduplica- 
tions with a minimum of exudative phenomena. In a number of 
these cases the reduplications formed a thick mantle which became 
continuous with corresponding reduplications of the aortic valve 
ventricularis layer. Only 5 cases showed subpulmonic reduplica- 
tions. In 1 of these an Aschoff body was present. Two of the lesions 
consisted of multiple elastified reduplications and in 2 cases the re- 
duplications were vascularized. In the subaortic and subpulmonic 
angles, as well as in the mitral rings, large bundles of smooth muscle 
were often noted. The intervalvular fibrosa was mildly involved in 
12 cases, the involvement consisting of sparse capillaries or occa- 
sional muscular vessels. 

The incidence of ring lesions in this group showed a decided de- 
cline. Thus, whereas universal ring lesions were almost invariably 
noted in the first 4 groups, only 16 of the 28 cases in Group V showed 
involvement of all the rings. In 7 cases one ring only showed the 
absence of lesions. This occurred either in the aortic, anterior mi- 
tral, or pulmonic ring with about equal frequency. In the remaining 
5 cases two or more rings showed no appreciable lesion. In no case 
in this group, however, was the tricuspid ring free of inflammatory 
involvement. 


Microscopic APPEARANCE OF RHEUMATIC VALVE RINGS IN 
Group VI 


(26 Inactive Cases of Chronic Valvular Disease of the Typical 
Rheumatic Variety) 


The cases that fall into this group presented no appreciable clinical 
evidence of active rheumatic fever, in so far as this could be deter- 
mined. Evidently, therefore, the course of the disease must have 
been extremely mild. A further point te be noted is that this group 
represents much older age periods than those previously described. 
As is to be expected, ring lesions in this group were less frequent 
than in the others, and when present were extremely indolent. In- 
flammatory cells were rare (Fig. 8). These consisted of lympho- 
cytes, plasma cells or mast cells. Scarring and elastification were 
prominent. The vessels of the ring lesions consisted generally of 
sparse capillaries, hyalinized arterioles, or vessels with hypertro- 
phied media. Intimal musculo-elastic hyperplastic vascular lesions 
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were not seen. In many cases only a few capillaries were present and 
the rings were totally devoid of inflammatory cells. The annulus 
collagen was frequently hyaline and contained lipoid crystals and 
calcific deposit. Not infrequently the most conspicuous lesion was 
present in the tricuspid or pulmonic ring. 

The subaortic angle was involved in 15 of the cases. In g of these 
the lesions consisted of multiple elastified reduplications, and in 5 
cases these were vascularized. Only one subpulmonic angle was in- 
volved. This showed a vascularized elastified reduplication. As in 
the rings, the subvalvular angles rarely contained inflammatory 
cells. Five of the 26 cases showed involvement of the intervalvular 
fibrosa. In 2 of these occasional arterioles were noted. In the re- 
mainder, capillaries and rare lymphocytes were present. 

Of the 26 cases in this group only 6 showed involvement of all the 
rings (universal ring lesions). In 7 additional cases all the rings but 
one showed lesions. The rings that were most frequently devoid of 
lesions were the aortic and anterior mitral. The tricuspid ring was 
involved in every case but one. Incidentally this was the only tri- 
cuspid ring in the entire series of cases in the 6 groups that showed no 
evidence of inflammatory involvement, past or present. 


DISCUSSION 


The occurrence of characteristic ring lesions in rheumatic fever 
hearts is of considerable interest and importance. Their almost in- 
variable presence and acuity in the active stages of rheumatic fever, 
together with the fact that these rings may be the only part of the 
valve affected, suggest strongly that this is probably the first por- 
tion of the valve leaflet that is involved by the rheumatic process. 

It seems, therefore, of interest to consider the mechanisms that 
may lead to the involvement of the valve rings. Since it has been 
shown that the normal mitral and aortic rings are practically devoid 
of vasculature and yet show an extraordinarily high incidence of 
ring involvement in rheumatic fever, it appears that an explanation 
which presupposes the presence of vasculature in the normal ring 
must be abandoned. There are left, therefore, four possibilities. 
One is the simultaneous contiguity spread from adjacent myocar- 
dium to all the rings. Another mechanism assumes initial involve- 
ment of one ring, most probably the mitral, this involvement taking 
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place by contiguity from the left auricular myocardial wedge. From 
this focus the infection may spread to other rings by way of the ad- 
jacent pericardial wedge, as well as along the annulus extensions of 
the intervalvular fibrosa and septum fibrosum which form a close 
intercommunication between the mitral, aortic and tricuspid valve 
rings. Although the pulmonic ring is not joined to the others 
through the annulus extensions common to them, it is in close appo- 
sition to the aortic ring through a narrow pericardial bridge which 
links the left-right commissures of both of these valves. Contiguity 
infection of the pulmonic ring is thus facilitated. A third possible 
mechanism is the involvement of the aortic and pulmonic rings by 
continguity spread from the aortic and pulmonic root lesions which 
have been shown (Gross *) to occur frequently, particularly during 
the active stages of rheumatic fever. From these foci spread may 
take place as indicated above. A fourth possibility is the simulta- 
neous occurrence of the three above mentioned mechanisms. 

The most satisfactory solution of this problem requires the experi- 
mental reproduction of this disease. This, however, has not been 
accomplished as yet. Another approach to the problem would be to 
study the ring lesions in cases where death occurred during a first 
attack of rheumatic fever, within a few days after the onset of the 
disease, in order to follow the sequence of events. The shortest 
attack that we were able to study in our series lasted 2 weeks. It 
must be noted, however, that the onset of the disease can rarely be 
definitely fixed. Furthermore, it is difficult to determine with cer- 
tainty whether or not a previous attack had taken place. Conse- 
quently, the fact that almost invariably all the rings showed lesions 
in our earliest first attack cases does not necessarily indicate simul- 
taneous involvement of all the rings, but may represent a very rapid 
spread from one ring, possibly the mitral, to the others along the 
pathways mentioned above. . 

In support of the view that the initial lesion may occur in the 
mitral ring by contiguity from the left auricular myocardial wedge 
are: (1) the almost invariable and severe involvement of the left 
auricle in rheumatic fever, particularly during the active stages 
(Gross "); (2) the considerably less frequent and less intense in- 
volvement of the right auricle; (3) the fact that the left auricular 
myocardial wedge apex shows more marked inflammatory changes 
and vascular involvement than any other part of the left auricle; 
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and (4) the fact that in the rather infrequent cases in which rheu- 
matic lesions are strictly confined to one valve the mitral is the one 
usually involved. These findings, however, are not necessarily in- 
consistent with simultaneous involvement of all the rings, providing 
it is assumed that once infection has taken place in the left and right 
auricles, other factors (e.g. the somewhat greater tension within the 
left auricle than in the right) may permit of more extensive spread 
of the disease in the former. In support of the contention that the 
lesions spread by contiguity through the annulus extensions are the 
frequency with which inflammatory changes are found in the inter- 
valvular fibrosa and septum fibrosum (Gross and Fried “) in active 
rheumatic fever. Coombs” has already observed that Aschoff 
bodies “are particularly fond of the tracts of muscle which border 
on the central fibrous body.” 

On the other hand, in recent studies by Gross and Friedberg * and 
by Sohval and Gross,'* it was found that the intervalvular fibrosa was 
seldom involved in Group VI cases (inactive or healed rheumatic) 
in spite of the fact that the mitral, tricuspid and aortic valves or 
rings almost invariably showed evidences of a healed rheumatic 
process. This indicates either that simultaneous involvement oc- 
curred in all the rings but, because of the indolence of the inflamma- 
tory process in this group, complete healing took place in many; or 
that an initial mitral ring infection was spread by contiguity through 
the annulus extensions with subsequent complete healing in the lat- 
ter and restitution to integrity in most of the cases. The first of these 
explanations seems the more likely. 

That healing undoubtedly plays a réle in limiting the spread of a 
rheumatic infection is well exemplified in the tricuspid and pul- 
monic valves. It has been shown that lesions occur in these sites 
with considerable frequency and are often even more extensive than 
ring lesions within the left heart. Assuming that ring lesions precede 
interstitial valvulitis, the lower grade and lesser incidence of lesions 
of the valve leaflets in the right heart indicate that other mechan- 
isms must come into play. It may be, as suggested above, that the 
lower tension in the right heart or, perhaps, the venous blood which 
bathes the valves, constitutes a less favorable environment for the 
progress of the rheumatic infection. Of these two, tension un- 
doubtedly plays the major réle. This is strikingly illustrated in the 
rather rare cases of indolent rheumatic infection (Group VI) asso- 
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ciated with hypertension of the lesser circulation as the result of 
pulmonary disease (emphysema, and so on). In such cases the 
tricuspid valve may show marked deformity, although the mitral 
and aortic valves may be relatively intact grossly and present only 
microscopic evidences of disease. 

Apart from these considerations on the mechanism concerned in 
the development and spread of a rheumatic ring lesion, its occurrence 
is of considerable significance in the diagnosis of rheumatic involve- 
ment of the heart. This is true in spite of the fact that ring lesions 
occur in other conditions, such as atypical verrucous endocarditis of 
Libman and Sacks "” (Gross '*), luetic aortitis with involvement of 
the aortic commissures (Sohval !*), and subacute bacterial endo- 
carditis. The rheumatic ring lesions, however, generally possess 
certain qualitative and quantitative characteristics which, with 
other associated findings, distinguish them from those occurring 
in the above mentioned conditions, providing a coexisting rheumatic 
process can be ruled out. Thus, whereas the rheumatic ring lesions 
present no single specific component (except Aschoff bodies when 
they are present) the structure as a composite picture is frequently 
such as to leave no room for doubt concerning its rheumatic nature. 

Although there are no clear-cut differences that distinguish 
sharply the ring lesions in the several groups of rheumatic fever 
described, each group presents as a whole more or less characteristic 
features. This is in keeping with the findings previously reported by 
Gross and collaborators in other cardiac sites. Briefly considered, 
the characteristics of the ring lesions in each group were as follows: 

In Group I the lesions were most extensive, consisting of marked 
capillarization and infiltration with inflammatory cells, sometimes 
with edema. Blood vessels of the muscular or intimal musculo- 
elastic hyperplastic type were infrequent. Aschoff bodies were 
present in about 10 per cent of the rings. There was little scarring. 
Practically all the rings and subaortic angles showed lesions. In the 
latter site, reduplications, when present, were generally not multiple. 
Approximately half the cases showed involvement of the inter- 
valvular fibrosa. 

In Group II the lesions were also extensive and consisted of con- 
siderable infiltration and vascularization. The latter frequently 
consisted of intimal musculo-elastic hyperplastic lesions. The in- 
flammation spread in all directions. The incidence of Aschoff bodies 
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was approximately the same as in Group I. Scarring was pro- 
nounced. Practically all rings showed involvement. The highly 
characteristic, multiple, subaortic vascularized reduplications oc- 
curred in practically every case. The intervalvular fibrosa was in- 
variably involved. 

The lesions in Group III were somewhat milder. The vascular 
lesions consisted of capillaries and muscular vessels in about equal 
proportions. In some cases vascularization was by means of capil- 
laries only. The incidence of Aschoff bodies was lower than in the 
previous groups. Intimal musculo-elastic hyperplastic lesions were 
infrequent. Practically all rings showed involvement. The sub- 
aortic angle invariably showed reduplications. In most instances 
these were multiple vascularized. This group showed the highest 
incidence of subpulmonic lesions, 7.e. in approximately half the 
cases. The intervalvular fibrosa was invariably involved. 

In Group IV the lesions were somewhat similar to those noted in 
Group III. Intimal musculo-elastic hyperplastic lesions were some- 
what more frequent than in Group III. Not infrequently the ring 
lesions consisted only of distorted capillaries as the result of the 
scarring process. The occurrence of inflammatory cells was less 
evident than in the previous groups. Aschoff bodies were infrequent. 
All the rings were involved. All the subaortic angles showed lesions 
that were almost invariably of the multiple elastified variety. These, 
however, were not as pronounced as in the first two groups. The 
intervalvular fibrosa showed a high incidence of lesions (11 or 13 
cases). 

Group V showed a considerable diminution in the extent, intensity 
and incidence of the lesions. The blood vessels were generally 
thick walled arterioles or arteries, or distorted capillaries. The rings 
showed advanced scarring and elastica distortion. Cellularity was 
sparse and Aschoff bodies rare. Subaortic lesions occurred in ap- 
proximately half the cases. These were generally of the multiple 
vascularized variety. The incidence of the intervalvular fibrosa 
lesion was approximately 50 per cent. These were generally mild. 
In contrast to the previous 4 groups, universal ring lesions oc- 
curred in approximately half the cases. Ring lesions were found in 
three rings in another 25 per cent of the cases. Every case showed 
involvement of at least two rings. 

In Group VI exudative phenomena were practically nil. Aschoff 
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bodies were not present. Inflammatory cells were extraordinarily 
sparse, scarring was pronounced, and vascularization consisted of 
capillaries, hyaline arterioles or hypertrophied vessels. Subaortic 
lesions occurred in approximately half the cases. Half of these were 
multiple elastified reduplications, and only half of these again were 
vascularized. Only 1 case of the 26 in this group showed a sub- 
pulmonic lesion. Intervalvular fibrosa lesions were found in only 5 
of the cases. These were extremely mild. Only 6 cases showed uni- 
versal ring involvement and in another 7 three rings were involved. 
At least one ring was involved in every case. 

Considered as a whole, it is seen that the most active and vigorous 
inflammatory lesions occur in Groups I and II. Each of these groups 
possesses definite characteristic features. Groups III and IV show a 
diminution in inflammatory phenomena and, therefore, occupy an 
intermediate position in these clinical subdivisions. In Groups V 
and VI there is an abrupt diminution in the extent of inflammatory 
lesions, particularly of the exudative phenomena. Furthermore, 
whereas lesions are present in almost every ring in the first 4 
groups (universal ring lesions), they show a definitely diminished 
incidence in Group V and are not infrequently absent in many of 
the rings in the Group VI cases. 

The frequent occurrence of subvalvular angle lesions of the semi- 
lunar cusps, particularly the aortic, merits repetition. In the more 
chronic groups the presence of characteristic multiple, often vascu- 
larized elastified reduplications is of considerable value in making a 
diagnosis of rheumatic lesions and in estimating the extent of the 
damage wrought. 

A practical application of these findings lies in attempting to trace 
the etiology of obscure lesions such, for example, as the so-called 
Monckeberg’s ascénding sclerosis of the aortic valve.* Having 
shown that even in Group VI the presence of ancient rheumatic fever 
shows involvement of at least four of the five rings studied (the mi- 
tral was represented by two sections), and of the subaortic angles in 
half the cases, one would expect that, if rheumatic fever is the under- 
lying basis of Ménckeberg’s ascending sclerosis of the aortic valve, 
these associated phenomena of an extinct rheumatic lesion would be 
present in a representative number of cases of that disease. When 
one adds to this the fact that in a large proportion of rheumatic 


* A report on this problem is in the course of preparation (Sohval and Gross"). 
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hearts one may expect to find other evidences of previous rheumatic 
damage, such as myocardial,® vascular,’ root,” auricular," con- 
duction system," pericardial? and valve ® lesions (Gross et al), one 
has a considerable armamentarium with which to attempt to arrive 
at a reasonable solution as to whether or not rheumatic fever is the 
underlying basis of the pathological lesions studied. 

Finally, inasmuch as the ring constitutes the proximal portion of 
the valve leaflet, the evidence presented in this report proves con- 
clusively that involvement of only one or two valves in rheumatic 
fever is by far the exception. On the contrary, in the great majority 
of cases all the valves are involved. The involvement, however, 
apparently is qualitatively of such a nature that while it is progres- 
sive chiefly in the mitral and aortic cusps, its progress is markedly 
diminished in the tricuspid and, more particularly, in the pulmonic 
valve. The result of this is that whereas the incidence of micro- 
scopic valvular lesions in all four valves is surprisingly high, the 
extent of involvement of these lesions in the right heart is frequently 
such as to lead to no conspicuous macroscopic changes. 

Apart from the microscopic findings, the descriptions that have 
been presented of the gross features of the rings and subvalvular 
angles should constitute a useful addition to our knowledge of the 
gross changes occurring in the human heart valves in rheumatic 
fever. 


SUMMARY AND CONCLUSIONS 


There have been described in this report the incidence, and gross 
and microscopic appearances of lesions in the valve rings and inter- 
valvular fibrosa occurring in 97 cases of rheumatic fever. These 
cases have been divided into 6 clinical groups which represent 
various courses taken by this disease. It has been shown that each 
group presents certain general gross and microscopic features that 
bear a relation to the clinical grouping. New macroscopic and 
microscopic data are presented on the development of the rheumatic 
lesions in the valve rings, and their significance with regard to the 
spread of the rheumatic infection to and from these sites is dis- 
cussed. It is shown that the findings herein presented, as well as 
those previously reported, are of value in elucidating the patho- 
genesis of other cardiac lesions. Inasmuch as the valve ring con- 
stitutes the proximal portion of the valve leaflet, the ring lesions are 


492 


of considerable significance in studying the development of rheu- 
matic valvulitis. A description is also given of the changes that take 
place in non-rheumatic valve rings during the first eight decades of 
life. 
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DESCRIPTION OF PLATES 


PLATE 


1. Cross-section of normal posterior aortic and anterior mitral rings. 
Age 18 months. Low power. Weigert’s elastic and Van Gieson’s connective 
tissue stain. 

A = posterior aortic leaflet; B = aortic ring spongiosa; C = aortic ring 
annulus; D = intervalvular fibrosa; E = anterior mitral ring; F = base of 
anterior mitral leaflet; G = root of aorta; H = left auricular myocardial 
wedge; I = left auricular endocardium; J = subaortic angle covered by the 
ventricularis layer. 


2. Cross-section of pulmonic ring in a case of active rheumatic fever 
(Group I). Age 5 years. Low power. Hematoxylin and eosin stain. 

A = pulmonic leaflet; B = ring spongiosa showing edema, capillariza- 
tion and infiltration with inflammatory cells; C = pulmonic ring annulus 
showing marked inflammation and capillarization; D = moderate sub- 
pulmonic reduplication; E = inflamed myocardium with injected vessels; 
F = eosinophilic swelling of annulus collagen; G = eosinophilic swelling of 
elastic lamella in pulmonic pocket. Note early formation of pocket polypi. 
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Fic. 3. Cross-section of tricuspid ring in a case of active rheumatic fever 
(Group I). Age to years. Low power. Hematoxylin and eosin stain. 

A = base of tricuspid leaflet; B = tricuspid ring showing marked edema, 
hypercapillarization and infiltration with inflammatory cells; C = eosino- 
philic swelling and fusion of collagen with early Aschoff body formation; 
D = tricuspid pocket showing polypoid formation; E = myocardium with 
interstitial inflammation. 

. 4. Cross-section of aortic ring in a case of active rheumatic fever 
(Group II). Age 14 years. Low power. Weigert’s elastic and Van Gieson’s 
connective tissue stain. 

A = aortic leaflet; B = scarred ring containing numerous vessels. Many 
of these are of the intimal musculo-elastic hyperplastic type. C = aortic 
ring annulus containing blood vessels; D = aortic ring annulus near junc- 
tion of myocardium. Note marked vascularization and intimal musculo- 
elastic hyperplastic vessels. E = myocardium; F = multiple vascularized 
elastified subaortic reduplications. 
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Fic. 5. Cross-section of aortic ring in a case of active rheumatic fever 
(Group II). Age 18 years. Low power. Hematoxylin and eosin stain. 

A = aortic leaflet; B = scarred ring spongiosa showing increased in- 
flammation and vascularization. Note intimal musculo-elastic hyper- 
plastic vessel. C = aortic ring annulus with inflammation; D = subaortic 
reduplications; E = myocardium; F = polypoid formation in aortic 
pocket. 

. 6. Cross-section of posterior aortic and anterior mitral leaflets showing 
intervalvular fibrosa in a case of active rheumatic fever (Group III). 
Age 17 years. Low power. Masson’s erythrosine-saffron stain. 

A = posterior aortic leaflet; B = markedly scarred aortic ring; C = root 
of aorta; D = intervalvular fibrosa. Note pronounced whorling of collagen, 
vascularization and scar formation. E = tip of left auricular myocardial 
wedge; F = left auricular endocardium. 
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7. Cross-section of aortic ring in a case of active rheumatic fever 
(Group IV). Age 14 years. Low power. Weigert’s elastic and Van Gieson’s 
connective tissue stain. 

A = aortic leaflet; B = scarred aortic ring spongiosa. Note distorted 
capillaries and paucity of cells. C = aortic ring annulus containing dis- 
torted capillaries and arterioles; D = multiple subaortic elastified redupli- 
cations; E = root of aorta; F = retro-aortic pericardial wedge showing 
scarring; G = scarred myocardium. 


. 8. Cross-section of aortic ring in a case of inactive rheumatic fever 
(Group VI). Age 21 years. Low power. Weigert’s elastic and Van Gieson’s 
connective tissue stain. 

A = aortic leaflet; B = completely scarred ring spongiosa showing few 
capillaries; C = aortic ring annulus with rare capillaries; D = multiple 
elastified vascularized subaortic reduplications. Note thick-walled vessels. 
E = root of aorta; F = elastified pocket reduplications;G = myocardium. 
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THE HISTOPATHOLOGY OF EXPERIMENTAL MUMPS IN 
THE MONKEY, MACACUS RHESUS * 


C. D. Joxnnson, M.D., anp E. W. GooppastureE, M.D. 


(From the Department of Pathology, Vanderbilt University, School of Medicine, 
Nashville, Tenn.) 


The pathology of epidemic parotitis in the human is still indefi- 
nitely known, though the disease was recognized and a classical 
clinical description was given by Hippocrates. In part, this has been 
due to the fact that death from epidemic parotitis is extremely rare. 
Also, examinations of the gland by biopsy during the disease have 
been quite limited. For these reasons the opportunity to observe the 
changes in the gland itself during the disease has been limited to very 
few and isolated studies. 

As we have not had the rare opportunity to examine the parotid 
glands of humans during the course of this infection, either by 
biopsy or postmortem examination, we cannot add directly to the 
present conceptions of the pathological picture of the disease in the 
human. However, by the presentation of the pathological picture of 
the experimental disease in Macacus rhesus monkeys, proved to be 
due to the virus of epidemic parotitis, and by comparison with the 
reported studies of the disease in humans, we hope to add further 
knowledge to the pathology and pathogenesis of the lesions in the 
glands.'? There will be no attempt to summarize the literature 
completely, but the observations and views of the more recent au- 
thors will be given in an attempt to present the present concept of 
the changes in the parotid gland in this infection. 

Dopter and Repaci in 1909 reported a partial postmortem exami- 
nation on a soldier who had died on the 6th day after coming under 
observation for acute parotitis.* He had developed an acute orchitis 
on the 4th day, at which time the parotid phenomena had been 
found to be slightly diminished. The parotids were enlarged, of a 
rosy color and slightly congested, and on sectioning a few hemor- 
rhagic spots were seen. Microscopically the fibers of the thickened 
interstitial connective tissue, greatly infiltrated by leukocytes, were 
denser than normal. The leukocytic infiltration was most abundant 


* Aided by grants from the Josiah Macy Jr. Foundation, and the Division of Medical 
Sciences, Rockefeller Foundation. 
Received for publication December 14, 1935. 
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about the blood vessels. The glandular lobules were irregularly in- 
filtrated by white blood cells. The glandular epithelium, though 
swollen and edematous, did not appear to be the seat of notable 
degenerative alterations. The excretory ducts were unequally 
altered; the smaller ducts being little or not at all changed, while the 
larger collecting ducts showed considerable changes. These changes 
consisted in infiltration of the walls by leukocytes, desquamation of 
both healthy and necrotic epithelial cells, and the presence of an 
albuminous substance and in some instances polymorphonuclear 
cells within the lumens. 

Cornil and Ranvier in 1912, in a section which had been given 
them, observed an edematous exudate infiltered between the acini in 
the neighborhood of the excretory canals.‘ The acini in these areas 
were seen to be diminished in volume on account of cellular com- 
pression. However, the predominant lesions were thought to be 
those of the excretory ducts. The cells of the walls were swollen, 
fusiform, and dissociated in part by edema. Some were detached 
and mixed in the lumen with leukocytes in part of the polymorpho- 
nuclear type. At short distances from these ducts the acini ap- 
peared unaltered. An intense, splotchy vascular congestion between 
the acini also is described as being present. 

Delater > and Reverchon, Worms and Delater ® in 1922 reported 
the examination of the submaxillary and sublingual glands in a case 
of sudden death from laryngeal edema, which appeared 8 days after 
the patient had been dismissed from the hospital following a classical 
evolution of epidemic parotitis. The tissues surrounding the glands 
were edematous and the glands themselves were seen to be notably 
altered. The capsule was found to be only slightly infiltrated. The 
interstitial connective tissue was somewhat edematous, so much so 
that numerous spaces were present. Along the vessels and ducts 
where the stroma was denser there were foci of large mononuclear 
infiltration which in some areas were rather large and poorly out- 
lined. The acini were uniformly stained and without apparent lu- 
mens. The acinar cells were swollen, and possessed indistinct out- 
lines which caused the acini to appear as grayish violet staining, 
granular cytoplasmic masses in which there were scattered poorly 
stained nuclei. Some of the cells were separated from the basal 
membrane, and in places only skeletons of previous acini remained. 
Exceptionally, leukocytes could be found in the acini. The excre- 
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tory canals were altered also; the cells were detached from the basal 
membrane and lay free in the lumen, and leukocytes had invaded 
the walls, but were not present in the lumen. 

The process is summarized by the authors as being a profound 
and massive alteration of the epithelium of the acini and of the ex- 
cretory canals, a leukocytic infiltration in which no polymorpho- 
nuclears took part, and an inflammatory edema which exceeded the 
limits of the glands. 

Rocchi in 1933 gave a summary of the literature along with his 
own observations on the pathology of mumps with special reference 
to the salivary and lacrimal glands, pancreas and testicle.’ His 
observations on the salivary glands were made on biopsies of the 
glands from 4 cases. The material consisted of pieces of the parotid 
from 3 cases, 2 of which were in the 2nd day, and 1 in the 4th day of 
illness at the time of biopsy. The material from the 4th case was 
obtained from a submaxillary gland on the 4th day of illness. 

The excised fragments were found to be of a grayish red color 
with scattered, small hemorrhagic areas. Microscopically the al- 
terations in the gland were variably dispersed. The alterations were 
either well localized in circumscribed areas or diffused more exten- 
sively. Although the prevalent lesions seemed to be distinctively 
interstitial and peritubal, there were also alterations of the paren- 
chymal cells. These alterations consisted in condensation with a 
resulting deeper staining chromatin of the nucleus and a bluish 
diffusion of hematoxylin within the cytoplasm of the mucous cells, 
which may be interpreted as evidences of early necrosis. The excre- 
tory ducts in 2 of the parotid cases showed distinctly degenerative 
changes which consisted of the formation of vacuoles in the cyto- 
plasm and displacement, pyknosis or complete disappearance of the 
nuclei. There were polymorphonuclears, a few red blood cells, 
desquamated epithelium and cellular fragments. The other 2 cases 
showed no such degenerative changes and only a granular eosino- 
philic staining material was found in the lumens of the ducts. The 
interstitial inflammatory process and the tubular changes seemed 
independent of each other. The interstitial alterations consisted of 
a serous exudate, a marked infiltration by large mononuclear and 
lymphocytic cells, and the hemorrhagic areas that had been noted 
in the gross examination of the fragments. The lymphocytic in- 
filtration was present in both interacinous and peritubular inter- 
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stitial tissue. Often there were accumulations of these cells having 
the appearance of solitary lymph follicles, while in other areas they 
were more diffusely distributed. Vascular congestion was also noted. 

From a review of the literature we may construct the following 
composite picture of the changes described as occurring in the proc- 
ess of involvement of the parotid gland by the virus of epidemic 
parotitis: an interstitial serous exudate (Niemeyer '*) ; an interstitial 
fibrinous exudate (Bamberger °) ; catarrhal inflammation of the excre- 
tory ducts (Virchow”) ; foci of hemorrhage, an interstitial infiltration 
by leukocytes, desquamation of the epithelial cells with a leuko- 
cytic infiltration of the tubules and edema of the glandular epi- 
thelium (Dopter and Repaci); an intense, interacinar vascular 
congestion (Cornil and Ranvier); marked periglandular edema 
(Jacob,"! and Reverchon, Worms and Delater) ; and changes of early 
necrosis of the glandular epithelium (Rocchi). 


METHODS, MATERIAL AND PREPARATION OF MATERIAL 
FOR STUDY 


Our studies have been made on Macacus rhesus monkeys after 
infection of the parotid gland following inoculation by cannulation 
of Stenson’s duct.! The inoculum in different groups has consisted 
of 1 to 2 cc. of saliva from patients suffering from epidemic parotitis, 
2 cc. of a bacteria-free, saline emulsion of the parotid glands of an 
infected monkey, and 2 to 3 cc. of a Berkefeld V or N filtrate of a 
centrifuged emulsion of an infected gland of a monkey, respectively. 

Daily gross examinations were made to detect any changes in the 
periglandular or glandular tissues. It was possible to determine 
quite readily changes in the size and consistence of the gland by 
palpation. When the change in size is marked it can be detected by 
inspection alone. By palpation one is able to note also the presence 
of edema of the periglandular and subcutaneous tissues, indicated 
first by a thickening of the skin and then a pitting on pressure when 
the edema becomes sufficiently increased. The presence of edema 
marks the height of the reaction to the infectious agent and usually 
makes its appearance on the 6th or 7th day. 

The monkeys forming the basis of this report were killed usually 
at the height of the reaction by exsanguination after etherization. 
The initial observations were confirmed postmortem. The skin was 
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incised and reflected for the examination of the subcutaneous tis- 
sues. These were then removed, leaving the capsule of the gland 
exposed. The alterations, if any, of the capsule and the appearance 
of the gland through the capsule were noted. The glands were then 
dissected free, removed to sterile glass containers and weighed, the 
average weight being 8 gm. They were then sectioned, and strips 
about 1 to 3 mm. in thickness through the entire gland were pre- 
pared for microscopic study. These pieces were taken usually from 
the middle of the gland so as to include the portion underlying the 
mandible. During the sectioning, the resistance to cutting, the 
appearance of the cut surface, and the amount of the oozing serous 
fluid were noted. 

The sections for microscopic study were fixed by a variety of 
established methods. It was found that tissues fixed by Schau- 
dinn’s method were the most satisfactory for studying the cellular 
changes as well as the infiltrating cells. The secretory granules are 
dissolved by the fixing fluid with very little or no distortion of the 
cells, and this eliminates some of the confusion of the picture where 
the granules are wholly or in part preserved. Tissues fixed in 10 per 
cent neutral formalin were stained by Levaditi’s method for spiro- 
chetes. 

A routine stain of hematoxylin and eosin was used. Very little 
additional knowledge has been gained by numerous other staining 
methods. Mallory’s aniline blue connective tissue stain has been 
used for the demonstration of fibrin. 


CONTROL STUDIES 


The monkeys were inoculated by introducing infectious material 
directly into the gland through Stenson’s duct, and an immediate 
swelling due to the volume of fluid introduced and to trauma occurs, 
the gland returning to normal within 72 hours. We have felt that 
some of the alterations found in the glands might be due to mechani- 
cal injury thus induced. To learn to what extent injury resulted 
from the procedure of inoculation, the glands of a normal monkey 
were prepared in a similiar manner and a comparable quantity of 
the suspension was injected into the parotids of two normal monkeys. 
Each parotid of one monkey received 2 cc. while each gland of the 
other monkey received 3 cc. of the suspension. 
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Daily observations were made on these two monkeys for a period 
of 7 days. The glands became swollen immediately as the inocula- 
tion proceeded. They gradually diminished in size until reaching 
normal, by 48 hours after the injection, and remained so until the 
animals were killed. 

During exsanguination under ether anesthesia the glands de- 
creased only slightly in size. The subcutaneous tissues on incision 
were thin, dry and sticky. The capsule of the gland and the sub- 
cutaneous tissues were of their usual dullness but the capsule was 
transparent. Through it the gland appeared pink in color and 
lobular. No hemorrhages or focal areas of congestion were seen. 
Each gland of one monkey weighed approximately 2.5 gm., and of 
the other approximately 3.2 gm. The glands were dry, pasty and 
sticky, as were likewise the cut surfaces. The lobules, easily dis- 
tinguished, were compact yet discrete and freely movable. The 
lymph node enclosed in the gland appeared normal in every respect. 

Microscopic examination of these glands revealed no evidence of 
any inflammatory reaction to any previous or existing irritant. The 
acini showed no evidence of damage to their epithelial cells. The 
cell outlines were fairly distinct. The cytoplasm had a uniform 
granular appearance. The nuclei, which stained rather intensely, 
were located near the basal attachment of the cell. Here, as in a 
normal non-inoculated gland, one saw an occasional solitary lymph 
follicle surrounding partially or completely one of the medium sized 
ducts. The frequency of such lymph follicles seemed to be some- 
what increased in these, in comparison to normal glands. This was 
the only way in which the glands that received a suspension of nor- 
mal monkey parotid differed from the glands of normal monkeys. 
The lymph node embedded in the gland showed no evidence of acute 
inflammatory reaction. There were a few more large mononuclear 
phagocytic cells within the sinusoids than are normally seen. Some 
of these contained phagocytozed particles. 


THE EXPERIMENTAL DISEASE 


(A) Clinical Evidences: The experimental disease first manifests 
itself locally by a slight but detectable enlargement and a moderate 
increase in the consistence of the parotid on the 3rd to sth day after 
inoculation. There is a slight rise in temperature of 1 to 2 days 
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duration at this time. The leukocytes, which usually increase the 
day following injection and rapidly decrease the following day, have 
already reached a definite leukopenic stage at the onset of clinical 
signs. With the fall of the temperature to normal there is a slight 
increase in the total circulating leukocytes. The gland shows little 
or no further change until 24 to 72 hours later when there is a rapid 
increase in its size. The rapid increase in the size of the gland is 
followed usually within 12 hours by a rapidly appearing subcu- 
taneous facial edema which soon becomes marked. The tissues over 
the gland then readily pit on pressure. The beginning of the edema 
is usually accompanied or slightly preceded by a marked rise in 
temperature which gradually returns to normal. By the time the 
edema has reached its height the leukocytes have increased to about 
their normal count, where they remain with slight fluctuations. 
Several animals were killed by exsanguination under ether at about 
or just before it was thought the edema had reached its height in 
order to obtain the glands for the virus and for the study of the 
changes present. After bleeding, the gland was found to be slightly 
but definitely diminished in size. This is interpreted as being due to 
the collapsing of the dilated and congested vessels of the gland and 
to the emptying of the large vessels which lie beneath. 

(B) Gross Alterations: The subcutaneous tissues are thickened by 
a serous exudate which gives them a glossy and somewhat gelat- 
inous appearance. A considerable amount of serous fluid exudes 
into the wound as the dissection proceeds. The exposed gland is 
seen to be enlarged, the surface being oval from its anterior to pos- 
terior border with the highest point just posterior to the angle of the 
jaw, which is the region of a concave area in the normal glands. The 
capsule of the gland is also thickened and glossy because of the 
serous exudate. It remains transparent and through it the glandu- 
lar surface is readily visible. The glandular tissue is of a pale grayish 
pink color and one can see petechial hemorrhages scattered through 
it. The number of these petechiae varies widely. In some glands 
which subsequently prove to be greatly damaged there are no hem- 
orrhages to be seen in the gross, while in others with a much less 
disseminated process, microscopically, there are numerous visible 
petechiae. The hemorrhages are occasionally slightly more numer- 
ous in the portion of the gland overlying the masseter muscle and 
along the inferior portion of the gland. However, as seen from the 
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surface of the gland im situ they appear to be about equally scattered 
in its different portions. 

There is a tendency for the gland to become rounded after being 
dissected free, thus in the receptacle, as im situ, the enlargement 
of the glands appears to be due to its increased thickness. The 
lateral dimensions may be diminished. The normal gland, on the 
contrary, lies flat and plastered to the receptacle. The usual weight 
of the gland and the oozing serous exudate from the gland after re- 
moval is about 8 gm., the limits having been 4 and 10.6 gm. 

The cut surface of the gland everts, giving it a convexity. The 
lobules which are of a pale grayish pink color slightly protrude and 
have convex surfaces. The interlobular spaces are increased in 
breadth, causing a greater separation of the lobules. The cut surface 
appears somewhat duller than one might expect of a wet surface but 
no definite evidence of necrosis in the glandular tissue is to be made 
out. 

(C) Microscopic Alterations: Histological sections reveal both 
diffuse and focal alterations of the gland, neither of which destroys 
the general architecture (Fig. 1). The diffuse alterations consist in a 
widening of the interacinar and interlobular spaces by serofibrinous 
exudate, and a diffuse edema of the acinar cells which often become 
elevated from the basement membrane. The focal lesions result 
from destructive changes of the acinar cells, followed by a mononu- 
clear leukocytic infiltration (Fig. 2). A lymphocytic infiltration 
appears about many of the ducts and later within the injured or 
destroyed parenchymal foci. These changes are most abundant in 
the central portions of the lobules and become less marked toward 
the periphery where the destructive changes are not as far advanced 
at the height of the swelling as the apparently older lesions in the 
central portions of the lobules. The hemorrhages noted in the gross 
examination of the gland are found to be fresh interstitial extrava- 
sations of blood frequently but not necessarily associated with the 
focal areas of necrosis. 

These histological observations have been made on the parotid 
glands of many monkeys during our 2 years of study of the experi- 
mental disease. A histological description of a section from any of 
the glands removed during or shortly after the height of the disease 
would include all of the essential changes that have been described 
in the above paragraph. However, during the past ten or more gen- 
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erations of the virus the focal areas of acute parenchymal destruc- 
tion have become much more disseminated throughout the gland. 
Nevertheless, there still remain lobules, either singly or occasionally 
in groups, which are only slightly affected. The volume of inocu- 
lum and the dilution of the emulsion have remained constant. While 
the clinical evidences of the disease have not seemed to increase in 
severity, the greater extent of the glandular lesion indicates that the 
total quantity of virus in the inoculum has increased with successive 
passage, or that the virus has become more pathogenic for this host. 


HISTOLOGICAL CHANGES 


The histological changes in the glands that show the more diffuse 
dissemination of the areas of acute parenchymal destruction will 
form the basis of a more detailed description of the histopathology 
of the experimental disease. The alterations present will be de- 
scribed under the paragraph dealing with the structure of the gland 
in which the changes occur. 

Acini: The earliest detected changes, indicative of the formation 
of the focal degenerative lesions, occur in one or more cells of a single 
or small group of acini. The cell becomes swollen, the cytoplasm 
stains paler and loses its normal granulation, often becoming vacuo- 
lated as in hydropic degeneration. The nucleus during the early 
swelling of the cell also seems to be swollen as it stains less deeply 
and is a little more vesicular. But with the appearance of the more 
advanced cytoplasmic alterations the nucleus shrinks, becoming 
pyknotic. It is in this stage of degeneration that the cytoplasmic 
inclusions to be described later are most commonly found; however, 
they occur also in cells showing only the edematous swelling. The 
cell outline now becomes irregular and indistinct, and the cell wall 
disappears. During these changes the cell often becomes detached, 
the nucleus tends to break up and the invasion by large mononu- 
clears begins. These recent degenerative changes appear in acini 
surrounding the more advanced focal areas of necrosis or toward the 
periphery of the lobule, thus indicating a spread of the disease proc- 
ess (Fig. 3). 

The large mononuclear phagocytic cells early infiltrate the de- 
generating acinus. Occasionally one can be seen within the cyto- 
plasm, but more often they lie along the irregular border of the cell. 
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They rapidly increase in number within and finally about the acinus. 
The necrotizing cells are gradually phagocytozed and replaced by 
the large monuclears which fill the acinar framework and form a dis- 
crete inflammatory focus. Later there is an infiltration by lympho- 
cytes admixing with the mononuclear exudate. At this stage it is 
often difficult to make out the limits or determine the architecture 
of the remaining framework, for it is obscured by the inflammatory 
cells. Polymorphonuclears play no part in the cellular infiltration. 

Accompanying these focal areas of acute degenerative change 
there is a more or less diffuse edema of all of the acini, as evidenced 
by an increase in size of as much as 20 per cent by measurement. 
The cytoplasm of these cells stains paler and is a little more granular 
than the normal; the nuclei are usually less deeply stained, slightly 
more vesicular and placed at more irregular distances from the base. 
The cells are often elevated from the basement membrane. The 
nuclei also appear to be less frequent in the acini of the diseased 
gland than in the normal gland sectioned to the same thickness. This 
we interpret to be due to the swelling of the cell and not to a disap- 
pearance of the nuclei. 

Occasionally in the acini showing the advanced degenerative 
changes there will be one or two cells remaining which escape the 
necrotizing process. These cells, in sections of glands removed at 
the height of the disease, are sometimes found in a phase of mitosis. 

Cytoplasmic Inclusions: The cytoplasmic inclusions referred to 
occur only in acinar cells and as previously stated appear earliest 
in cells that show only evidences of edema. Usually in the same 
acinus, however, there are other cells which show more advanced 
signs of degenerative change. The inclusion is usually single, 
rounded, and faintly stained with eosin, though often it retains a 
tinge of the basophilic stain. It is surrounded by a small but definite 
halo, and measures about 4 microns in diameter. The inclusion is 
vacuolated, containing usually two to five vacuoles situated in its 
periphery (Figs. 4 and 5). 

In the cells showing the early changes of necrosis there are similar 
cytoplasmic inclusions. In these cells there are often two and some- 
times three inclusions. Here the inclusions are smaller, measuring 
2 to 3 microns in diameter, denser and more polychromatic in stain- 
ing reaction. They may be slightly oval, with only a single vacuole 
situated near the periphery. The halo surrounding the inclusion is 
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narrow but definite. This type of inclusion is seen to exist after con- 
siderable advancement of the degenerative process and occasionally 
persists after complete destruction of the cell or cells of the acinus. 

Interstitial Tissues: In addition to the previously described de- 
generative changes and diffuse edema of the acinar cells, the inter- 
stitial tissue also undergoes focal and diffuse alterations. The inter- 
lobular tissues become more or less diffusely involved by the pouring 
out of a serofibrinous exudate which causes a marked widening of the 
interlobular areas. The exudate separates the collagen fibrils of the 
connective tissue and fine strands or networks of fibrin are seen in the 
serous exudate when the section is stained by Mallory’s aniline blue 
connective tissue stain (Fig. 7). The degree of inflammatory edema 
varies in different portions of the gland. It is quite marked around 
the lobules that show the greatest involvement by focal degeneration 
of the parenchymal cells and is abundant in the interstitial and sub- 
cutaneous tissue. Late in the infection round cells infiltrate the 
interstitial areas. This infiltration is much more pronounced about 
the ducts and the vessels. The round cells consist mainly of lympho- 
cytes, large and small, and a few plasma cells. The infiltration about 
the ducts, mainly the medium sized ducts, becomes more marked 
late in the disease, and some of the ducts seem then to occupy the 
central portion of a fairly large secondary lymph follicle. The cap- 
sule, though moderately edematous, seldom shows any cellular in- 
filtration. 

The interacinar areas are also greatly widened, though here no 
fibrin is seen in the serous exudate. The interacinar distention is 
much more evident about the central ducts of the lobules and de- 
creases toward the periphery, where the lesions are less frequent and 
more recent. The interacinar spaces about the degenerating acini 
become infiltrated with phagocytic mononuclears and lymphocytes, 
proceeding from an earlier cellular exudation within the acini 
(Fig. 6). 

The small areas of extravasated blood observed microscopically 
occasionally involve a degenerating acinus, but more commonly 
they are confined to the interacinar areas about the degenerating 
and necrotizing acini. 

Ducts: The infiltration of round cells into the interstitial tissues 
surrounding them is the only evidence of the disease process shown 
by the ducts. The infiltration does not penetrate the inner portion 
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of their walls nor does the epithelial lining show any change indica- 
tive of the disease process. 

Blood Vessels: In sections from glands removed from monkeys not 
completely exsanguinated the interacinar vessels remained splotchily 
congested. The perivascular infiltration of the smaller vessels late in 
the disease has been described. 

Healing: The clinical signs (fever, subcutaneous edema over an 
enlarged parotid) of the experimental disease in the monkey remain 
at their peak only 12 to 24 hours, after which there is a gradual dis- 
appearance in the above named order. This clinical recovery is 
usually complete within 2 to 7 days after the height of the disease. 
Several of the monkeys were killed during this period of clinical re- 
covery and at later periods for study of the healing process within 
the glands. These monkeys furnished the material for the following 
description. 

As the clinical signs diminish the interstitial serofibrinous exudate 
disappears, along with the early acinar lesions, without fibrous tissue 
proliferation. The cellular infiltration becomes more diffuse, involv- 
ing the interlobular as well as interacinar spaces about the accumu- 
lations at the focal areas of necrosis. The cells of the interlobular 
infiltration are scattered and comparatively few in number, except 
about the ducts where they are accumulating. There is an occa- 
sional duct containing desquamated epithelial cells and an infiltra- 
tion of the basal layer with an occasional mononuclear cell. The 
large mononuclear cells of the older focal lesions are being replaced 
by young lymphocytes forming secondary lymph follicles in which 
there are frequent mitotic figures. Mitotic figures are also making 
their appearance in the acinar cells remaining in the focal areas 
(Fig. 9). 

As the gland reaches its normal size the diffuse interstitial cellular 
infiltration gradually diminishes but the periductular infiltration 
becomes greater. The regeneration of acini soon reaches its height. 
Repaired acini reappear in the focal accumulations of the lympho- 
cytic infiltration (Fig. 10). The lymphoid cells become more ma- 
ture, diminish in number and, because of the renewed acini, appear 
as focal accumulations in the interacinar spaces (Fig. 8). 

Where the focal areas of necrosis were small and the cellular in- 
filtration was minimal there is complete restoration of the acini with 
no remaining cellular infiltration. 
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The healing process, except for the lymph follicles, is complete 2 
weeks from the height of the clinical signs of the disease. These 
secondary lymph follicles disappear gradually, some probably re- 
maining for long periods, as in 1 case a year after recovery several 
small lymph follicles were still present. 


DISCUSSION 


The foregoing observations on the pathology of experimental 
mumps in the monkey are based on the study of a large number of 
specimens obtained at varying intervals during and after the onset 
of clinical manifestations of the disease. In all instances the infec- 
tion was initiated by introducing the virus in the form of a suspen- 
sion or filtrate of a previously infected parotid of the monkey or, as 
in a few instances, in the saliva from a human case of mumps, 
directly into the parotid gland of monkeys by injection through 
Stenson’s duct. We have been thus far entirely unsuccessful in 
attempts to induce clinical mumps experimentally in any other way. 
The experimental lesion of the parotid may not, therefore, represent 
exactly that which results from a more indirect infection of the gland 
as presumably occurs in the human disease. 

Unfortunately for the purpose of comparison there is not sufficient 
knowledge of the pathology of human epidemic parotitis to recon- 
struct a definite picture of the essential lesion. When one considers, 
however, the various reports in the literature concerning mumps of 
the human parotid, it is found that practically all the lesions that 
we have described as occurring in the monkey have at one time 
or another been found in man. But notwithstanding the fact that 
experimental mumps is induced by injecting the virus into the 
parotid through the excretory duct, it is possible quite clearly to 
determine the course of events in the gland and to apprehend the 
essential lesion, and we feel justified in assuming that a similar 
underlying lesion occurs likewise in the human disease. 

It seems quite probable that spontaneous mumps does not cause 
a uniformly distributed lesion in the affected parotid, for even 
though the virus be injected directly into the monkey gland through 
the duct there is a patchy distribution of the ensuing lesion. There- 
fore, it would seem necessary that the entire gland be studied at a 
proper period of the infection in order to establish the pathology of 
the human disease. 
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In the experimental lesions of monkeys there are an invariable 
basic lesion and a uniform course of events, so that we have no 
doubt as to the specificity of the effect of the mumps virus in this 
animal, although it is of course possible that the virus does not affect 
the human gland in exactly the same way. The typical mumps 
lesion in the monkey’s parotid results from the immediate effect of 
the specific virus on the acinar cells focally. The earliest focal 
lesions are located near the central portions of the lobule, as if 
there the virus came into most intimate and direct contact with 
the acinar epithelium, perhaps because acini thus situated may be 
subjected to greater injury or irritation by the injected material. It 
is well known that slight injury to susceptible cells renders them 
more sensitive to the effects of a virus. The early degenerative 
changes and subsequent necrosis may proceed to completion before 
there is any local cellular infiltration. This fact is in harmony with 
the events in most if not all virus lesions, and is a reasonable ground 
for assuming that the mumps virus is cytotropic — that is, the virus 
acts in conjunction with a certain type of living cell to reproduce 
itself and to bring about its specific type of injury in that cell. 

Following necrosis of acinar epithelial cells there is an immigra- 
tion to the spot of large mononuclear cells which phagocytoze and 
remove the débris. Remaining acinar epithelial cells and perhaps 
terminal duct cells regenerate, restoring for the most part the 
acinar unit, without scarring. 

It is not easy to understand how the extensive edema of the gland 
and surrounding tissue is brought about, but presumably there is a 
diffuse injury to the general vascular bed, possibly by a toxin or by 
products of cellular degeneration. The hemorrhagic foci are evi- 
dences of the greatest effect of this sort on the blood vessels. 

After the initial, more centrally located, lesions have manifested 
themselves there is a secondary spread of virus through the gland; 
and a second crop of focal lesions more distally located make their 
appearance. Therefore when the parotid is removed at the height 
of the disease, lesions at various stages in their development, from 
those in which there is complete necrosis to others where degenera- 
tion is just appearing, may be found and the evolution of the essen- 
tial lesion is brought to view. 

Regarding the specificity of the cellular inclusions that we have 
described we can at the present time only express an opinion. Our 
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experience of cellular inclusions in other virus diseases leads us to 
believe that these are specific, but we realize the difficulties of effec- 
tively substantiating this point of view. Anyone, however, may 
satisfy himself, we feel, as to the primary effect of the virus in rela- 
tion to the epithelial cell of the parotid acinus. 

Well developed clinical mumps in the monkey depends on the ex- 
tent of infection in the gland. Unless the focal lesions are rather 
widely distributed there is relatively little subcutaneous edema, and 
a focal infection sufficient to induce immunity may proceed to heal- 
ing without evidence of clinical mumps. 

It seems probable that the initial rise in temperature, slight 
glandular enlargement and beginning leukopenia coincides with the 
development of the first crop of focal lesions, and the secondary 
febrile period associated with great glandular edema is associated 
with a secondary spread of virus and focal lesions more generally 
throughout the gland. 


SUMMARY AND CONCLUSIONS 


1. A study of the histopathology of experimental mumps in 
Macacus rhesus monkeys is reported. 
2. The literature concerning the lesions of human mumps is 


reviewed. 

3- In experimental mumps the essential lesion is the result of a 
specific action of mumps virus on acinar epithelial cells in focal areas 
resulting in degeneration and necrosis of the affected cells. 

4. The inflammatory cellular response is secondary to the specific 
injury and consists of an infiltration of the area by mononuclear 
phagocytic cells and later by various types of lymphocytes. Poly- 
morphonuclear leukocytes play no part in the reaction. 

5. There is a secondary dissemination of lesions within the in- 
fected gland. 

6. The edema is probably dependent on a diffuse vascular injury 
secondary to the focal parenchymal lesions. 

7. Healing takes place by removal of the débris and regeneration 
of acinar epithelium which restores the gland without scarring. 

8. Inclusions are described in the affected epithelial cells, and 
they are interpreted as specific. 

g. It is concluded that similar lesions in all probability underlie 
the pathology of mumps in the human. 
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DESCRIPTION OF PLATES 


PLATE 95 


Fic. 1. Section of parotid of monkey receiving the twenty-ninth transfer of 
virus in series. Gland removed during height of clinical reaction. Focal 
necrosis, cellular infiltration and interstitial edema are shown. x 55. 


Fic. 2. A higher magnification of a focal area of necrosis in which there has 
been a moderate infiltration by large mononuclear phagocytic cells and 
lymphocytes. x 450. 
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PLATE 96 


Fic. 3. A focal area of very early necrosis preceding cellular infiltration. 
Arrows mark cytoplasmic bodies seen in the areas of early necrosis. x 1100. 


Fics. 4 and 5. Higher magnification of the cytoplasmic inclusions. Note the 
vacuoles within the inclusions and the surrounding halo. x 2000. 
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PLATE 97 


Fic. 6. Late area of focal degeneration in which the predominating infiltrating 
cell is now the lymphocyte. x 300. 


Fic. 7. An area of interlobular connective tissue showing the interstitial edema 
and strands of fibrin. Mallory’s aniline blue connective tissue stain. 
X 200. 
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PLATE 98 


Fic. 8. Section of a gland removed 2 weeks after height of reaction showing the 
focal accumulations of the lymphocytes, mainly about the ducts. Compare 
with Figure 1. x 55. 


Fic. 9. A mitotic figure of an acinar cell in one of the areas of healing. x 1400. 


Fic. 10. Type cell in interstitial exudate of healing gland. x 750. 
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COMPARISON OF THE BEHAVIOR OF A NEUROTESTICULAR 
AND A DERMAL STRAIN OF VACCINE VIRUS IN THE 
CHORIO-ALLANTOIC MEMBRANE OF THE 
CHICK EMBRYO * 


G. J. Buppinca, M.D. 


(From the Department of Pathology, Vanderbilt University, School of Medicine, 
Nashville, Tenn.) 


A method for the production of vaccine for antismallpox prophy- 
laxis in man by cultivating the virus in the chorio-allantoic mem- 
branes of chick embryos has recently been described by Goodpasture 
and Buddingh.' From the experiments reported it appears that 
vaccinia virus may be propagated through an indefinite series of 
transfers in the membrane without the loss of any of the essential 
qualities of the original strain of dermal vaccine employed for the 
initial inoculation. The virulence of the vaccine cultivated by this 
method is soon established at a somewhat lower level for the rabbit 
and for man than that of the original calf strain, as evidenced by the 
character of the lesions induced by it. After the virus has been 
carried through 6 to 8 generations in the membrane of the chick 
embryo, no variations have been observed in its effects over a 3 year 
period of continuous cultivation through 175 successive generations, 
during which time no intervening passage was made in any mamma- 
lian host. 

The lesions induced in susceptible persons by vaccine from the 
175th generation in the chick membrane are quite similar in kind 
and intensity to those from the 6 generations; and more than 1000 
vaccinations performed on children and adults with vaccine pre- 
pared from the rooth generation proved in every way satisfactory 
from the standpoint of the evolution of the lesion and in the estab- 
lishment of immunity to subsequent (1 year) vaccinations with a 
potent calf vaccine. 

From a practical standpoint, as well as theoretically, it is of great 
importance in estimating the quality of a particular strain of vac- 
cine virus to determine to what extent and in what manner it may 
be altered by continuous cultivation in the membranes of develop- 

* Aided by grants from the Divisions of International Health, and of Medical 
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ing chicks. In a uniform living medium of this kind, which can be 
kept free from bacterial contamination, apparently standard con- 
ditions may be obtained for the investigation of this problem. 

That vaccinia virus can be cultivated on tissues other than the 
skin is well known. Thus Noguchi? established a method of obtain- 
ing a pure culture of the virus in the rabbit testicle. Although he 
did not find that virus propagated by this method was modified in 
its virulence for the skin,’ other observers, Hach ‘ and Arnold,> have 
found that testicular virus possessed qualities that produced severe 
reactions and widespread necrosis. 

Levaditi and Nicolau ®’ adapted a strain of vaccine virus to 
nervous tissue by continuous propagation in the rabbit brain. The 
hemorrhagic and necrotizing properties of this strain of neurovac- 
cine are well recognized by most investigators in this field. 

Since Steinhardt and her colleagues * demonstrated that vaccine 
virus could be propagated in tissue cultures, numerous investigators 
have, with many modifications, used this method for the study of its 
effect on the maintenance or modification of the characteristics of 
the virus. When propagated in this manner, Haagen,’ using a rabbit 
testicular vaccine virus which was passed through 37 generations in 
rabbit testicle tissue cultures, found no increase or diminution in its 
virulence. Later, Haagen, Gildemeister and Crodel ® reported that 
another strain cultivated in this manner acquired a distinct capacity 
to produce hemorrhagic and necrotizing lesions when injected sub- 
cutaneously into the rabbit skin, although no increase in its viru- 
lence titer took place during 21 passages. Eagles and McClean ™ 
also found that growth of both dermal and testicular strains of the 
virus in tissue cultures was not accompanied with any essential 
change in their characteristics when inoculated in the rabbit skin. 

Rivers, and Li and Rivers,” using a dermal and neurovaccine, 
respectively, in minced chick embryo suspended in Tyrode’s solu- 
tion, were successful in propagating these strains through numerous 
passages without observing any change in their essential character- 
istics, although a definite increase in titratable infectivity took place. 

Nauck and Paschen™” also found that the characteristics of a 
humanized dermal strain of vaccine virus propagated in rabbit 
testicle tissue cultures were maintained even though a great increase 
in the titratable infectivity of the virus took place in the course of 70 
generations. 


BEHAVIOR OF VIRUS IN CHORIO-ALLANTOIC MEMBRANE = 5113 
In the light of these several investigations it was of special interest 
to know whether or not it could be definitely established that culti- 
vation of vaccine virus in the membranes of the developing chick 
could be expected to maintain or alter the essential characteristics 
of a particular strain of virus. 

That the dermal and neurotrophic strains of vaccine virus have 
clear-cut and distinct properties, as evidenced by the hemorrhagic 
and necrotizing action of the neurovaccine in contradistinction to 
the dermal vaccine, is well recognized. A satisfactory explanation 
for these differences has until the present not been offered. Since 
the vaccinal lesions in the chorio-allantoic membrane lend them- 
selves remarkably well to a histopathological study, an attempt to 
find a possible explanation for such a variation was made in the fol- 
lowing investigation. A practical side of the problem involved the 
question whether or not original desirable qualities of a particular 
strain for human immunization would be suitably maintained by 
continuous cultivation in the membranes of chick embryos without 
intervening mammalian passage. 

Two distinct strains of vaccinia virus, one a neurotesticular 
strain,* and the other a calf dermal strain,} were used. The attri- 
bute used for the basis of comparison was the constant hemorrhagic 
character of the lesions produced in the rabbit skin by the neuro- 
testicular virus. This characteristic is well described by Levaditi 
and Nicolau,® and well recognized by numerous other investigators. 
Propagation of the strain of neurotesticular vaccine in the chorio- 
allantoic membrane of the chick embryo was undertaken for the 
purpose of comparing its behavior with that of the dermal strain. 
Preliminary observations had indicated that the membranal lesion 
produced by the neurotesticular virus could likewise be distinguished 
from the lesion produced by the dermal vaccine by its hemorrhagic 
character. This distinction also characterized the vaccinal lesion 
produced in the rabbit skin by the neurotesticular vaccine after it 
had been propagated in the chick membrane through several 
generations. 

A histological study, in which the vaccinal lesions produced by the 
dermal and neurotesticular strains of vaccine in both the chick 
* The neurotesticular strain was kindly supplied to us by Dr. T. M. Rivers of the 
Rockefeller Institute. It was a strain of Levaditi’s neurovaccine which has been main- 


tained by passage through the rabbit testicle. 
T Obtained from the New York City Health Board Laboratories. 
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membrane and the rabbit skin were compared, was made to deter- 
mine whether or not the apparent differences in these strains were 
reflected in the cellular structure of the lesions. In this manner 
some conclusion might be reached regarding the reasons underlying 
the variances in virulence and pathogenicity of these two strains. 


EXPERIMENTAL 


The strain of neurotesticular virus was propagated in pure culture 
through 50 generations in the chick membrane during a period of 10 
months. Transfers, when made, were at intervals of 48 hours. 
Small bits of bacteria-free, infected membrane were used to inocu- 
late 14 day embryos, which were then incubated at 37° C for 2 days. 
A dermal strain of virus was propagated through 50 generations in 
the same manner. The technique used was the coverslip method 
described by Goodpasture and Buddingh." 

The membranal lesions were carefully observed to detect any 
macroscopic changes which might take place. Special attention was 
directed to the hemorrhagic character of the lesions from the neuro- 
testicular vaccine. Smears from the lesions were made regularly and 
stained by the Morosow method to demonstrate Paschen bodies. 

At the 1oth, 2oth, 30th, goth and soth generations the lesions 
from at least 10 embryos were collected and ground in a sterile mor- 
tar. To each part of the ground pulp, 4 parts of sterile 50 per cent 
glycerine were added. This vaccine was inoculated into the scarified 
rabbit skin. The lesions developing from both the dermal and the 
neurotesticular strains of vaccine were observed and compared. 

At the 2oth and soth generations sections were taken from the 
4th day lesion in the rabbit skin and fixed for histological study. 
Forty-eight and 72 hour lesions in the chick membrane were also 
removed at regular intervals and fixed for histological study. 


THE EFFECT ON VACCINE VIRUS OF CONTINUOUS SERIAL 
TRANSFER IN THE CHICK MEMBRANE 


The 48 hour membranal lesion from the neurotesticular vaccine is 
characterized by a slight thickening and opacity of the inoculated 
area. Scattered throughout are numerous small, discrete, pock-like 
elevations. A gray opacity radiates from the periphery of the lesion 
for some distance along the blood vessels. This thickening and 


? 


BEHAVIOR OF VIRUS IN CHORIO-ALLANTOIC MEMBRANE 515 


opacity is much more marked in the lesions from the dermal strain. 
In the latter the pock-like elevations are much larger and more 
numerous, and thick plaques of cream colored exudate cover the in- 
fected area. The latter lesion is much more definitely circumscribed 
and does not extend along the blood vessels to as great an extent as 
the former. 

The sharpest contrast between the lesions from the two strains of 
virus is in the areas of hemorrhage produced by the neurotesticular 
strain. These vary in size in the membranes from small petechiae to 
large patches of hemorrhage. Both in situ and when removed from 
the embryo, the lesion from the neurotesticular vaccine is easily dis- 
tinguished from the dermal strain by its bloody appearance. 

When these two strains of vaccine are inoculated into the scarified 
rabbit skin the same striking difference appears. Both produce by 
the 3rd day a characteristic papular vaccinal lesion which becomes 
pustular on the 4th day. By the 5th or 6th day the reaction has 
reached its height; crust formation has taken place and the lesion 
then gradually subsides. In the lesions from the neurotesticular vac- 
cine the papules are surrounded by a blue or violet zone of discolora- 
tion. There is an intense congestion of the papules and the sub- 
cutaneous tissue is involved much more extensively. By the 4th or 
5th day the pustules have black necrotic centers. The crusts which 
develop are dark brown to black. They are much thicker and more 
deeply seated than the crusts on the lesions from the dermal strain. 
Separation of the crusts in the neurotesticular lesion proceeds much 
more slowly and a much deeper scarring occurs than that following 
the dermovaccinal lesion. 

These characteristics have sharply distinguished the behavior of 
these two strains of virus throughout the entire investigation. The 
hemorrhagic character of the membranal lesion has persisted with- 
out any noticeable alteration after propagation through 50 genera- 
tions in the chick membrane. 

If the lesions produced in the rabbit by the original neurotestic- 
ular virus are compared with those produced by the same strain 
after it has been propagated through as few as 5 or 6 passages on the 
chick membrane there is a difference in the extent of the injury and 
in the amount of reaction which takes place in the infected rabbit 
skin. The neurotesticular virus produces a relatively profound in- 
jury which is evidenced by the intense induration and edema of the 
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subcutaneous tissues and the subsequent marked necrosis of the 
overlying skin. After 5 or 6 passages in the membrane there is a dis- 
tinct diminution in these effects. There is only moderate induration 
of the subcutaneous tissues and the subsequent necrosis is less ex- 
tensive. This diminution in the virulence of the virus is effected 
rather quickly after it has been propagated in the membrane. How- 
ever, careful observation of these characteristics of the lesions in the 
rabbit convince us that once this diminution in virulence has been 
effected there is little further change. Quite a uniform level of viru- 
lence has been maintained throughout the 50 generations of the 
neurotesticular virus in the embryonic membrane. 

The same observation was made with regard to the dermal strain 
of vaccine. The original calf vaccine also produces a much more 
extensive reaction in the rabbit skin in the way of subcutaneous 
induration and more extensive necrosis than does the same strain 
after it has been propagated in the chick membrane through 5 or 6 
passages. After the lower level of virulence is once established it is 
maintained at this point, and throughout the succeeding 50 genera- 
tions no further change has been observed. 

On the other hand, the property of the neurotesticular strain that 
is responsible for the hemorrhagic lesion in the rabbit skin and on 
the membrane is not altered by propagation in the membrane. The 
appearance of the lesions produced by the virus after being passed 
through 50 generations in the membrane was in no way different 
from the lesions produced by the original strain in respect to the 
character and extent of the hemorrhage in the inoculated rabbit 
skin or in the chick membrane. Cultivation in the chick membrane 
evidently does not affect the neurotesticular virus in its ability to 
produce the pathological changes in the blood vessels that are re- 
sponsible for the hemorrhage and necrosis. 


HISTOLOGY 


Paraffin sections of the lesions from the membrane and the rabbit 
skin which had been fixed in Zenker’s solution were made. Routine 
staining in hematoxylin and eosin was done for the study of the gen- 
eral structure of the lesion. Guarnieri bodies were demonstrated by 
treating the sections for 30 seconds with a 0.4 per cent solution of 
potassium permanganate, staining in a 2 per cent solution of acid 
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fuchsin for 10 to 20 minutes and counterstaining in a 1 per cent solu- 
tion of methylene blue, then differentiating in 95 per cent alcohol, 
absolute alcohol, clearing in xylol and mounting in cedar oil. 

The 48 hour lesion in the membrane was found to be best suited 
for comparative study. At this stage the membrane infected with 
the dermal strain is greatly thickened on account of edema, in- 
flammatory exudate and cellular hyperplasia. In the older areas of 
involvement the ectodermal epithelium has become entirely necrotic. 
A heavy infiltration of inflammatory cellular exudate fills these 
areas and the entire adjacent mesodermal layer. The exudate con- 
sists mainly of polymorphonuclear leukocytes, numerous large 
round mononuclears and a few red blood cells. There is an intense 
edema of the entire mesodermal layer. The blood vessels are con- 
gested. Proliferation of the cells in the entodermal layer has taken 
place in the areas where the lesion is most advanced. At the ad- 
vancing margin of the lesion the epithelial cells of the ectoderm 
have proliferated extensively and degenerative changes have taken 
place. Many of the cells have become greatly swollen and con- 
tain large vacuoles. The nuclei have become pale and irregular in 
outline. In these areas formation of typical vesicles is frequently 
encountered. Directly beneath in the mesoderm many fibroblasts 
have proliferated and the walls of the blood vessels appear greatly 
thickened. 

The 48 hour lesion in the membrane from the neurotesticular virus 
is characterized by less thickening and swelling. The necrotic areas 
in the ectodermal epithelium are much smaller and the inflammatory 
exudate is less abundant and extensive. Scattered throughout the 
mesoderm and frequently among the cells of the ectodermal layer 
are numerous areas of hemorrhage. These can be seen extending 
from the blood vessels, chiefly the veins, or as free collections of red 
blood cells in the mesodermal tissue. Such areas of hemorrhage in 
many instances show no evidence of inflammatory changes in their 
vicinity. Around the blood vessels great proliferation of fibroblasts 
has taken place so that their walls appear to be several times thicker 
than normal. Within many of the veins a margination of throm- 
bocytes is seen along the entire inner wall of the vessel. The en- 
dothelial lining is remarkably irregular and the individual cells are 
swollen and distorted. Throughout the mesoderm fibroblasts have 
proliferated in great numbers and are frequently encountered as 
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small masses. Along the margin of the lesion the ectodermal epithe- 
lium has undergone less proliferation than in the lesion from the 
dermal strain. Formation of vesicles is also frequently seen. In 
areas where the lesion is most advanced the entodermal epithelium 
has undergone rapid proliferation. 

The 96 hour vaccinal lesion in the rabbit skin can be briefly de- 
scribed and compared. The dermal strain of vaccine produces 
changes that are most marked in the dermis and epidermis, while 
the neurotesticular virus involves the subcutaneous tissue to a con- 
siderable extent. In both types of lesions necrosis of the epidermal 
epithelium has taken place and these areas are heavily infiltrated 
with a polymorphonuclear exudate which has spread over the sur- 
rounding area and has formed a crust of necrotic leukocytes and 
cellular débris. Along the edges of the lesion the epithelial cells are 
hyperplastic and show degenerative changes. Many of them are 
swollen and contain large vacuoles. The nuclei are pale and irregular 
in outline. There are also hyperplastic and degenerative changes in 
the epithelial cells of the hair follicles. 

While these degenerative and inflammatory processes involve 
only the dermis and epidermis in the lesions from the dermal strain, 
the subcutaneous tissue in the lesions from the neurotesticular 
strain show many evidences of involvement. There is considerable 
edema present. Large collections of inflammatory exudate are pres- 
ent around the blood vessels. Many of the vessels are filled with 
fibrin thrombi. Some of the vessels can be seen to have a collection 
of blood platelets around their inner margin. The endothelial lining 
is irregular and the cells are greatly swollen. Hemorrhages into the 
areas surrounding these vessels are frequent. This marked involve- 
ment of the blood vessels by the neurotesticular vaccine is quite 
striking and does not seem to take place in the lesions from the der- 
mal strain. 


GUARNIERI BODIES 


In sections stained to demonstrate the cytoplasmic inclusions of 
vaccinia there is a marked difference in the distribution of these 
structures in the lesions produced by the two strains of virus. In the 
membranal lesions produced by the dermal strain inclusions are 
found chiefly in the ectodermal epithelial cells in the areas of pro- 
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liferation at the advancing edge of the lesion. They are present in 
varying shapes and sizes. They may be seen as long thread-like 
processes partly surrounding the nucleus, or as triangular or irregu- 
larly rounded structures. They range in size from small granules to 
masses that fill almost the entire cytoplasm of the cell. Many of 
them are surrounded by a clear zone. In the vicinity of the areas in 
the ectoderm that are most heavily infected, a few fibroblasts of the 
mesodermal layer may also be found to contain inclusion bodies, but 
these are not generally distributed throughout the mesoderm. In 
the blood vessels directly adjacent to the heavily infected areas in 
the ectoderm an occasional endothelial cell may be found to contain 
an inclusion body. 

In the membranal lesion from the neurotesticular strain the inclu- 
sion bodies are found not only in the ectodermal epithelium but are 
present in the majority of the fibroblasts throughout the entire meso- 
dermal layer. In areas where fibroblasts are found in small groups, 
each cell is seen to be filled with the inclusion material. Where pro- 
liferation of the fibroblasts has taken place around the blood vessels, 
inclusion bodies in these cells are particularly numerous and the cells 
appear to be diffusely filled with this material. In the blood vessels 
where margination of blood platelets has taken place practically 
every endothelial cell can be seen to contain more or less included 
material. Inclusion bodies can be found in some of the endothelial 
cells of most of the blood vessels in the lesion. 

It appears that the neurotesticular virus involves the mesodermal 
structures of the membrane to as great an extent as it does the 
ectodermal epithelium; while the dermal vaccine has a predilection 
chiefly for ectodermal epithelium. 

Inclusion bodies could occasionally be found in the epithelial cells 
of the entodermal layer in lesions from the neurotesticular strain, 
but were not demonstrable in the cells of this layer in lesions from 
the dermal strain. 

In the lesions in the rabbit skin, cytoplasmic inclusions were 
clearly demonstrable in the epithelial cells of the Malpighian layer 
at the edge of the lesion and in the epithelial cells of the hair follicles 
in both types of vaccinal lesions. They were not observed in the 
fibrous tissue or the blood vessel endothelium in the subcutaneous 
tissue of the lesions produced by the neurotesticular virus. 
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PASCHEN CORPUSCLES 


Smears made from the membranal lesions stained by the Moro- 
sow method for the demonstration of Paschen corpuscles brought 
out no distinctions between the two strains of virus. There appeared 
to be no demonstrable difference in morphology and the 48 hour 
lesions from each strain always contained these bodies in enormous 
numbers. 

DISCUSSION 


A few conclusions may be drawn as the results of these experiments 
in regard to the effect on vaccine virus of continuous cultivation in 
the chick membrane. As has been shown by the numerous other 
investigators already referred to, cultivation of the virus in tissue 
cultures, although usually attended by an increase in the titratable 
infectivity of the virus, in most instances is not accompanied by any 
change in the essential characteristics of the virus. Cultivation of 
the virus in the living chick membranes results in no decrease in the 
original titratable infectivity of the virus and in some instances a 
definite increase is observed. There is also no alteration observable 
in the basic characteristics of a particular strain of virus as the result 
of this method of cultivation. 

Definite indications of a clear-cut histopathological distinction 
accounting for the difference in behavior of the neurotesticular and 
dermal strain of virus have been found. The neurotesticular strain 
of virus, besides its property of affecting specifically the epithelial 
cells of the ectodermal layer of the membrane, has a greater predilec- 
tion for involving the cells of the mesodermal layer and more particu- 
larly the endothelial cells of the blood vessels. The injury thus 
produced with the resulting thrombosis and destruction of blood 
vessel walls is sufficient to account for the hemorrhagic and necrotic 
characteristics of the lesion produced by this strain of virus. 

The dermal strain, on the other hand, evidently has an affinity 
more restricted to the epithelial cells of the ectodermal layer. This 
difference in the two strains of virus is a distinct one and is clearly 
demonstrable in both the chick membrane and the rabbit skin. 

The heightened predilection of the neurotesticular strain of virus 
for structures of mesodermal origin may possibly have been ac- 
quired by its having been continuously cultivated over long periods 
of time in internal organs away from dermal epithelium. 
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The great variation in effects produced by different strains of 
presumably dermal vaccines is known to many investigators. The 
possibility of different tissues such as brain or testicle acting as a 
selective medium whereby a certain predominant element in a given 
strain may be separated and maintained is another theoretical ex- 
planation for the development of such distinct strains as the neuro- 
trophic and testicular strains of the virus which must be considered. 

Continuous propagation of the virus in the chick membrane does 
not appear to alter the pathogenicity of the virus. This is evidenced 
by its ability to involve particular types of cells and to produce a 
characteristic pathological picture. After 50 transfers in the mem- 
brane over a period of 10 months the neurotesticular virus still in- 
duces in the rabbit skin and in the chick membrane a lesion that 
does not vary in its hemorrhagic characteristics from those induced 
by virus from the earlier passages. 

It is evident also that this method of culture does affect the viru- 
lence of the virus for the rabbit, as shown by the diminution of the 
intensity of the injury and the amount of reaction in the lesions pro- 
duced by virus which has been propagated in the membrane through 
a few passages, as compared with the lesion produced by the original 
rabbit testicular or dermal calf strain. Cultivation of the virus in 
the membrane rather quickly brings about this diminution in viru- 
lence to a definite level, after which little further change in this 
property has been observed through 50 successive passages. 

The same phenomenon has been observed in another strain of 
dermal vaccine which has been cultivated in the chick membrane 
for the past 3 years through 175 generations without intervening 
mammalian passage. This strain has been inoculated on rabbits at 
regular intervals from the 6th to the 175th generation and also on a 
large number of human subjects. The slight diminution in viru- 
lence both for the rabbit and for man, as compared with the original 
calf vaccine, was present at the 6th passage in the membrane. Since 
that time little if any further change has been noted and the lesions 
produced by the virus have been markedly uniform in character. 

The fact that once this slightly lower level of virulence of the virus 
is established by cultivation in the membrane and is thereafter 
seemingly maintained indefinitely is of obvious practical importance. 
A vaccinia virus which can be maintained at a stable level of viru- 
lence without the necessity of intervening animal passages which 
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are likely to induce unforeseen and undesirable changes in both its 
pathogenicity and its virulence is highly desirable in the field of 
human prophylaxis. 

Our observations as to the effect on the immunizing property of 
vaccine virus of cultivation in the chick membrane have been re- 
ported elsewhere.’ A vaccine prepared from cultures of virus passed 
through 100 generations in the membrane has produced in humans a 
substantial immunity as tested by revaccinations with a potent calf 
vaccine after a period of 1 year. Further observations on this prop- 
erty of the virus will have to be made as time goes on. 

The above observations seem to us to confirm our contentions 
that the chorio-allantoic membrane of the chick embryo may be 
regarded as a stable medium for the propagation of vaccinia virus. 
They have also given some insight into the problem of the under- 
lying reasons for the difference in pathogenicity of two distinct 
strains of the virus. Because most, if not all, viruses are cytotrophic 
—that is they seem to require an intracellular environment for 
reproduction — it is interesting to note that in two variants of the 
same species of virus their essential differences seem to be based on 
their own peculiar affinity for definite types of cells. 


SUMMARY AND CONCLUSIONS 


1. A neurotesticular strain of vaccine virus produces a hemor- 
rhagic type of lesion in the chorio-allantoic membrane of the chick 
embryo and in the rabbit skin. 

2. The hemorrhagic quality of the lesion produced by the neuro- 
testicular vaccine has been maintained through 50 passages in serial 
transfer in the chick membranes. 

3. A comparative histological study of the lesions produced by a 
dermal and a neurotesticular strain of vaccine virus in the mem- 
branes of the chick embryo and in the rabbit skin has shown that the 
neurotesticular strain is characterized by a special affinity for meso- 
dermal structures, especially the endothelial cells of the blood ves- 
sels. 

4. During cultivation of a strain of vaccine virus in the chorio- 
allantoic membrane of chick embryos the characteristic qualities of 
a particular strain are preserved apparently indefinitely. 
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DESCRIPTION OF PLATES 


PLATE 99 


Fic. 1. Vaccinal lesion in the chorio-allantoic membrane; 60 hours neuro- 
testicular virus; soth generation. 


Fic. 2. Vaccinal lesion in the chorio-allantoic membrane; 60 hours dermal 
virus; 50th generation. 


Fic. 3. Section from membranal lesion; 48 hours neurotesticular virus; soth 
generation. x IIo. 

Fic. 4. Section from membranal lesion; 48 hours dermal virus; soth genera- 
tion. x 

Fic. 5. Guarnieri bodies in ectodermal epithelium; neurotesticular virus; 
42nd generation. x 1800. 


Fic. 6. Guarnieri bodies in ectodermal epithelium; dermal virus; 48th genera- 
tion. x 1800. 
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PLATE 100 


Fic. 7. Membranal lesion, neurotesticular virus, showing margination of 
thrombocytes along blood vessel wall. x 250. 


Fic. 8. Membranal lesion, neurotesticular virus, showing area of free hemor- 
rhage. x 500. 

Fics. 9 and 10. Guarnieri bodies in endothelial cells of the blood vessels. 
Neurotesticular virus. x 1800. 

Fic. 11. Guarnieri bodies in endodermal epithelium. Neurotesticular virus. 
x 1800. 

Fic. 12. Guarnieri bodies in fibroblasts of the mesodermal layer. Neuro- 
testicular virus. x 1800. 
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A COMPARISON OF THE GROWTH CURVES OF MALIGNANT 
AND NORMAL (EMBRYONIC AND POSTEMBRYONIC) 
TISSUES OF THE RAT * 


RosBert Scurexk, M.D. 


(From the Department of Pathology, Vanderbilt University School of Medicine, 
Nashville, Tenn.) 


The histological and biochemical similarities between embryonic 
and tumor tissues have led some investigators to compare mathe- 
matically embryonic and tumor growth. Bashford,! working with 
mice, showed that the growth rate of the embryo is approximately 
equal to or higher than the growth rates of 53 different types of 
transmissible tumors. Sugiura and Benedict ? state that the growth 
of the Flexner-Jobling carcinoma and the fetal growth of the rat can 
be represented graphically, with the weight as ordinates and time as 
abscissas, by almost identical parabolic curves. Carrel and Ebel- 
ing,’ and Fischer, Laser and Meyer,‘ using tissue culture methods, 
could not observe any differences in the growth curves or the growth 
rates of tumor and embryonic cells. 

The recently developed method ° for the graphical representation 
of tumor growth affords another approach to the comparative study 
of embryonic and tumor growth. A study was therefore under- 
taken to determine whether or not the previous findings could be 
substantiated and extended by the new graphical method. The 
present paper compares the growth of 3 rat tumors (Walker tumor 
256, Flexner-Jobling carcinoma, and R39 sarcoma) with the em- 
bryonic and postembryonic growth of the rat. 


GROWTH OF RAT TUMORS 


The mean diameter has been defined ® as the cube root of the 
product of the three dimensions of a tumor. Growth curves of the 
Walker and the Flexner-Jobling rat tumors with the mean diameter 
as ordinates and time as abscissas have been shown to be linear. The 
slope of the linear growth curve represents the growth rate of the 
tumor and the intercept of the curve on the abscissa represents the 
latent period of the tumor. 

* Aided by a grant from the International Cancer Research Foundation. 

Received for publication January 20, 1936. 


525 


> 


526 SCHREK 


The average growth rate of 254 Walker tumors No. 256 was found 
to be 1.215 mm. per day, while the average growth rate of 95 
Flexner-Jobling carcinomas was 0.649 mm. per day. Recent work ® 
on the R39 sarcoma has shown that the average growth rate of 184 
tumors was 1.777 mm. per day. 

In order to compare these data on tumor growth expressed in units 
of mean diameter with those obtained by others on the embryonic 
and postembryonic growth of rats expressed in units of weight, it is 
necessary to use the cube root of the weight instead of the mean 
diameter as a measure of the size of the tumor. It was previously 
shown ° that the weight of a tumor can be calculated by means of the 


formula 
W = S (0.5236 d®) 


where W = the weight of the tumor in grams, S = the specific 
gravity, and d = the mean diameter in centimeters. Therefore 


VW = VS X Wo.5236 X d 
This formula enables one to find the cube root of the weight of a 


tumor when the mean diameter and the specific gravity of the tumor 
are known. 

It is also necessary to use a growth constant to correspond with 
the new measure of the size of tumors. This constant can be deter- 
mined by the formula 

kag = VS X W0.5236 X ka 
where k, = the growth constant expressed in centimeters per day 
and k y= the growth constant expressed in grams 3 per day. 

The specific gravity of the tumors has been found to be 1.038 for 
the Walker tumor,’ 1.036 for the R39 sarcoma,® and 1.044 for the 
Flexner-Jobling carcinoma.’ With these data on the specific gravity 
and the average growth rate (k,), it was found that the new growth 
constants (ky) are 0.151 grams‘? per day for the R39 sar- 
coma, 0.099 for the Walker tumor, and 0.053 for the Flexner- 
Jobling carcinoma. 


EMBRYONIC AND POSTEMBRYONIC GROWTH OF - 
THE RAT 


Stotsenburg’s data * on the embryonic growth of the rat and 
Donaldson’s data * on the postembryonic growth were used to con- 
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struct the growth curve in Text-Fig. 1 with the cube root of the 
weight as ordinates and time as abscissas. 

The text-figure shows that the embryonic growth curve, like 
tumor growth curves, is linear. Schmalhausen ” also observed a 
linear relation between the cube root of the weight of the rat em- 
bryo and time. The embryo has a latent period of 11.5 days and 
a growth rate of 0.155 grams ‘’ per day. This embryonic growth 
rate is approximately equal to the average growth rate of R39 
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Text-Fic. 1. Growth curve representing the embryonic and postembryonic 
growth of the rat. 


sarcoma (0.151 grams ‘’’ per day) and is somewhat higher than the 
average growth rates of the Walker tumor (0.099) and the Flexner- 
Jobling carcinoma (0.053). It seems then that the growth rates of 
rat embryonic and the rat malignant tissues are in the same order 
of magnitude. 

The text-figure also shows that the rat grows at a constant rate 
for about 11 days, attaining a weight of 5.5 gm., and then the 
growth rate begins to decrease. This inhibition to growth is pre- 
sumably an expression of the increasing differentiation of the tissues 
of the rat. No inhibition, on the contrary, can be observed in the 
growth curves of the Walker tumor (Text-Fig. 2). 

Tumor W26b1, for example, grew at a constant rate (0.140) for 40 
days and was found to weigh, on postmortem examination, 175 gm. 
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On the other hand, the rat itself attains a weight of only 29 gm. after 
40 days of growth. It follows then that the tumor has approxi- 
mately the same growth rate as the embryonic rat but has a much 
higher growth rate than the postembryonic rat. 


DISCUSSION 


The work presented shows that the growth of embryonic and 
malignant tissues can be represented by linear curves, and that the 
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Text-Fic. 2. Growth curves of 2 Walker tumors. 


growth rates of rat embryonic and rat malignant tissues are in the 
same order of magnitude. From this it would appear that the 
malignant cell does not possess an excessive growth capacity. 
Bashford ' compared the growth capacities of mouse tumors and 
the mouse embryo. He defined the growth rate as 1000 times the 
reciprocal of the number of days required to develop 1 gm. of tissue. 
Bashford found that the mouse embryo grows faster than trans- 
plantable mouse tumors but that the growth rates of some of the 
tumors approximates the growth rate of the embryo mouse. Bash- 
ford concluded that the proliferative energy of tumors does not ex- 
ceed that of embryonic tissue. The present investigation, using a 
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different species and a different method of determining growth rate, 
is in complete agreement with Bashford’s conclusion. 

The growth capacities of normal and malignant cells have also 
been studied in tissue culture. Carrel and Ebeling* found that the 
malignant fibroblasts of Crocker sarcoma No. 10 and Jensen rat 
sarcoma have the same growth rate as normal rat fibroblasts. 
Fischer, Laser and Meyer‘ summarize their results on Ehrlich’s 
mouse carcinoma with the statement: “It is astonishing to find that 
tumor cells in culture not only do not grow more rapidly, but in 
many cases grow more slowly than the corresponding normal cell.” 
These in vitro studies agree with Bashford’s and the present in vivo 
findings that the malignant cell does not possess a growth capacity 
in excess of that of normal embryonic tissue. 

Embryonic tissue has, in addition to its growth capacity, a tend- 
ency to differentiate. This differentiation would be expected to 
inhibit the growth of the normal tissue, producing a decrease in the 
growth rate. It should be noted that the inhibitory factor caused a 
marked decrease in the growth rate of the rat when the weight of 
the rat was 5.5 gm. 

Malignant tissue like the Walker tumor exhibits no inhibition to 
growth, although the Walker tumor may attain a weight of 175 gm. 
before ulcerating or causing the death of the host. It seems that the 
Walker tumor has a lesser tendency to differentiate than normal 
tissues. 

The capacity of normal tissues to differentiate has been studied in 
vitro. Fischer and Parker" succeeded in stimulating embryonic 
cells to differentiate in tissue culture by the use of certain media. 
It would be of interest to know to what extent malignant cells could 
differentiate under identical conditions. 

This study suggests that the tumor cell in acquiring its malignancy 
regains its primitive growth capacity and loses more or less com- 
pletely its tendency to differentiate. 


CONCLUSIONS 


The growth of the Walker tumor and the rat embryo can be repre- 
sented by linear curves. The growth rates of rat tumors, im vivo 
and in vitro, are in the same order of magnitude as the growth rate of 
rat embryonic tissue. 
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After the embryonic stage the growth rate of normal tissues is 
markedly diminished. This decrease in growth rate is presumably 
due to the differentiation of the tissues. In contrast, there is no 
appreciable inhibition in the growth rate of malignant tumors like 
the Walker tumor. 

Transmissible rat tumors are characterized not by an abnormal 
proliferative capacity but by a lesser tendency to differentiate. 
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A BIOLOGICAL METHOD FOR STERILIZING CONTAMINATED 
TRANSPLANTABLE TUMORS * 


RosBert ScuReEK, M.D. 


' (From the Department of Pathology, Vanderbilt University School of Medicine, 
Nashville, Tenn.) 

A number of methods have been used for the sterilization of 
tumors accidentally contaminated in the course of transplantation. 
Two investigators have sterilized tumors by the use of chemicals 
that were stated to have a selective action on the bacterial cells — 
Clowes ! using potassium cyanide, and Krotkina * using rivanol and 
trypaflavin. Other investigators were able to sterilize tumors with- 
out resorting to chemicals. Aris* succeeded in freeing mouse tu- 
mors from Spirilla by keeping the tumor suspension at a low tem- 
perature for 3 days. Rivers and Pearce * freed a rabbit carcinoma 
from virus III by transplanting a tumor from an animal that had 
been dead for more than 12 hours. 

Studies ° on the titration of tumor cell suspensions suggested that 
it might be possible to utilize the biological defence processes of the 
animal host for the elimination of tumor contaminants. In the 
previous paper it was shown that when the inoculum of a tumor cell 
suspension is small the tumor has a long latent period. It was 
stated at that time that during the prolonged latent period the natu- 
ral defence mechanism of the animal host might be expected to 
destroy any occasional bacteria introduced with the inoculum. It 
was thought, therefore, that the use of a small inoculum for trans- 
plantation would aid in the maintenance of the bacteriological 
sterility of tumors. This report will show that heavily contam- 
inated tumors can be sterilized by transplanting them with small 
inoculums. 


STERILIZATION OF 2 WALKER TUMORS 
Experiment 1 


A Walker tumor (W18a14) was transplanted, using the methods 
described in a previous publication.’ Eighteen male rats weighing 
100 gm. were inoculated, each receiving 0.1, 0.01, or 0.001 cc. of a 

* Aided by a grant from the International Cancer Research Foundation. 
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cell suspension of this tumor. At the same time an infusion broth 
tube and a blood agar plate were seeded with 0.1 cc. amounts of the 
suspension. The next day the plate had innumerable colonies, and 
the broth tube contained cocci and bacilli. The observations on 
these rats inoculated with the contaminated suspension are sum- 
marized in Text-Fig. 1. 

Two of the 6 rats (Nos. 1 and 3 (Text-Fig. 1)) that received the 
smallest inoculums (0.001 cc.) developed tumors. Blood agar plates 
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Text-Fic. 1. Sterilization of a contaminated Walker tumor (W18a14) by two 
successive transplantations with small inoculums. 


inoculated with o.1 cc. amounts of suspensions of these tumors 
developed only 4 and 5 colonies. This is in marked contrast to the 
innumerable colonies developing from o.1 cc. of the parent-tumor 
suspension. The inoculation of the two slightly contaminated sus- 
pensions into other rats resulted in a high percentage of takes. Sus- 
pensions of 2 of these second generation tumors inoculated in 0.1 cc. 
amounts on blood agar plates and in infusion broth did not give rise 
to any bacterial growth during 7 days incubation. These sterile 
suspensions were used to carry on the tumor strain. 

It has been seen that sterile tumors were obtained by two succes- 
sive transplantations with small inoculums. When the inoculums 
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were large (0.1 and 0.01 cc.) no sterile tumors could be obtained. 
All the tumors developing from the o.1 cc. inoculums either re- 
gressed or became necrotic before attaining a size suitable for trans- 
plantation. These tumors must have been heavily infected. The 
tumors arising from the o.o1 cc. inoculums became necrotic or 
ulcerated somewhat earlier than usual. One tumor (No. 11) was 
removed before it showed any signs of breaking down, and a sus- 
pension of the tumor was prepared. The inoculation of 0.1 cc. of 
the suspension on a blood agar plate gave rise to innumerable 
colonies of a Gram-negative bacillus. The suspension was also 
inoculated in varying amounts into 20 rats (Text-Fig. 1). Seven of 
these animals died soon after the inoculation and the rest failed to 
develop tumors. It would appear that the contaminating bacteria 
had increased in number or virulence sufficiently to cause the death 
of some of the animals and to prevent tumor formation. 

In this experiment sterile tumors were obtained when the con- 
taminated Walker tumor was transplanted by means of small inocu- 
lums; when large inoculums were used the developing tumors could 
not be transplanted because of the early necrosis and the heavy 
infection of the tumors. 


Experiment 2 


Another Walker tumor (W25a8) was found on a routine trans- 
plantation to be contaminated. A blood agar plate inoculated with 
0.1 cc. of a suspension of this tumor developed about 1300 colonies. 
The suspension contained, then, approximately 13,000 microérgan- 
isms per cubic centimeter. The contaminant on the plate was a 
motile Gram-negative bacillus. This bacillus produced acid and gas 
in glucose, levulose, dulcite, maltose, galactose, mannite, arabinose, 
xylose and rhamnose, but did not ferment lactose, sucrose, raffinose, 
salicin, or inulin. On Russell’s double sugar the organism produced 
acid and gas in the butt but no acid on the slant. These reactions 
indicate that the organism belonged to the Salmonella or para- 
typhoid group. The pathogenicity of the organisms was tested by 
the intraperitoneal injection of 0.1 cc. amounts of a 24 hour broth 
culture in 3 rats. Two of the rats died within 6 days and the bacilli 
were recovered from the heart’s blood. The microérganism was 
probably one of the paratyphoids that are endemic in rats. 

The suspension contaminated with the paratyphoid bacilli was 
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inoculated into 18 rats (Text-Fig. 2). Five of these rats died in 
from 5 to 20 days. Ten of the remaining 13 rats developed tumors. 
Five tumors that attained a mean diameter of 18 mm. without be- 
coming superficially necrotic or ulcerated were examined bacterio- 
logically. The method for the determination of the degree of con- 
tamination was as follows: With aseptic precautions the tumor was 
removed, weighed, and ground up in a Latapie apparatus with the 
addition of saline equal to one-fourth of the tumor volume. The 
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TextT-Fic. 2. Degree of contamination and growth of 
tumors developing from different amounts of contamin- 
ated Walker tumor cell suspension (W25a8). 


suspension was filtered through an 80-mesh Monel metal wire cloth. 
The filtered suspension was then successively diluted 10 times with 
saline from 1:10 to 1:1,000,000. Blood agar plates were inoculated 
with o.1 cc. of the different dilutions and incubated for 48 hours. 
The colonies developing on these plates were counted and the num- 
ber of organisms in 1 cc. of the undiluted suspension was estimated. 
This number was taken to represent the degree of contamination of 
the tumor. 

A cell suspension of tumor No. 19 (Text-Fig. 2), arising from the 
smallest inoculum (0.001 cc.), was examined bacteriologically in the 
manner mentioned above and found to have 1500 bacilli per cubic 
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centimeter, whereas the parent tumor had 13,000 bacilli per cubic 
centimeter of suspension. Six rats were inoculated with 0.001 cc. 
amounts of the suspension of tumor No. 19. Four of these rats 
developed tumors. One of these tumors ulcerated early and an- 
other was found to be heavily contaminated with a Gram-negative 
bacillus. The other 2 tumors were bacteriologically sterile. It was 
possible, then, by two successive transplantations with small inocu- 
lums, to sterilize a Walker tumor contaminated with a pathogenic 
paratyphoid bacillus. 

The tumors arising from larger inoculums (0.1 and 0.01 cc.) of the 
contaminated suspension of tumor W25a8 (Text-Fig. 2) were found 
to be much more heavily contaminated than the original tumor. 
The 2 non-ulcerated tumors (Nos. 35 and 36), developing from the 
0.1 cc. inoculums, were found to have 250,000,000 and 50,000,000 
organisms per cubic centimeter of suspension. One tumor (No. 29), 
developing from a o.o1 cc. inoculum, had 700,000 bacilli per cubic 
centimeter of suspension. Another tumor (No. 26), also arising 
from a 0.01 cc. inoculum, was found to be heavily contaminated. A 
blood agar plate inoculated with o.1 cc. of a suspension of this tumor 
developed innumerable colonies. All these 4 tumors arising from the 
larger inoculums were much more heavily contaminated than the 
parent tumor, the suspension of which contained only 13,000 bacilli 
per cubic centimeter. From these results it is clear that the degree 
of contamination increased on transplantation when o.1 and o.o1 cc. 
inoculums were used, but decreased when 0.001 cc. was used. 


STERILIZATION OF A FLEXNER-JOBLING TUMOR CELL 
SUSPENSION 


To confirm the findings obtained with the Walker tumor, a sterile 
suspension of Flexner-Jobling tumor cells was purposely contam- 
inated with Streptococcus viridans so that 1 cc. of the suspension 
contained 1,000,000 organisms. This contaminated suspension was 
then inoculated into 15 rats in 0.1, 0.01, and 0.001 cc. amounts. 
The results of these inoculations are shown in Text-Fig. 3. 

It can be seen from the text-figure that one transplantation 
sufficed to free the tumor from the streptococcus. This organism 
killed 6 of the 15 rats. One tumor (No. 1 (Text-Fig. 3)) developing 
from a 0.001 cc. inoculum, and 2 tumors (Nos. 8 and 6) developing 
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from o.o1 cc. inoculums, were sterile. It seems that the rats were 
able to eliminate the streptococci rapidly from the inoculation site, 
thus permitting the development of sterile tumors. 

On the other hand, the 3 tumors arising from large inoculums 
(0.1 cc.) were all found to be contaminated. Suspensions of 2 of the 
tumors (Nos. 14 and 15) were found to have 40,000,000 and 2000 
streptococci per cubic centimeter. The 3rd tumor (No. 12) ulcer- 
ated early and it was possible to cultivate Streptococcus viridans 
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Text-Fic. 3. Sterilization of a contaminated Flexner-Jobling tumor cell sus- 
pension (F13a3) by one transplantation with small inoculums. 


from a smear of the ulcer. One tumor (No. 7) arising from a 0.o1 cc. 
inoculum started to regress. The rat was sacrificed and the tumor 
removed for examination. The small size of the tumor did not per- 
mit the preparation of a suspension for bacterial examination. A 
piece of the tumor was rubbed on a blood agar plate and placed in 
broth. Only 3 colonies developed on the plate and streptococci grew 
out in the broth in 5 days. This tumor, then, had only a small num- 
ber of contaminating organisms. 

In this experiment a Flexner-Jobling tumor cell suspension which 
was purposely contaminated with Streptococci viridans gave rise to 
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sterile tumors when o.oo1 or 0.01 cc. of the suspension was used as 
the inoculum. When o.1 cc. was inoculated the suspension gave rise 
to infected tumors. 


EFFECT OF THE CONTAMINANT ON TUMOR GROWTH 


During the course of these experiments a few observations were 
made on the effect of the contaminant on the gross appearance, per- 
centage takes, growth rate and latent period of the tumors. 

Certain differences in the physical characteristics of the con- 
taminated tumors were observed. The contaminated tumors were 
frequently found to be quite firm. Suspensions of some contami- 
nated tumors prepared in the usual way tended to be granular in- 
stead of turbid. Furthermore, these tumors necrosed or ulcerated 
very early, as can be seen in Text-Fig. 1. Cysts filled with bloody or 
cloudy fluid were found infrequently in the contaminated tumors. 
Since sterile tumors also may develop cysts, the presence of cysts in 
a tumor is not diagnostic of contamination. In many cases, tumors 
appearing perfectly normal on gross examination were found heavily 
contaminated. 

There was some indication that the bacteria in the inoculums in- 
creased the percentage of regressions. With sterile suspensions the 
Walker tumor regressed in less than 2 per cent of the rats. With 
o.1 cc. of the contaminated suspension W18a14 as inoculums, 3 pro- 
gressive tumors and 3 regressive nodules were obtained (Text-Fig. 
1). Two of the nodules that regressed appeared to be (on palpation) 
tumors, 1 of the nodules (No. 16) attaining a mean diameter of 
15.9mm. There is a possibility that the regressive nodules were not 
tumors but indurated lymph nodes. It is not possible, therefore, to 
state definitely that the contaminant caused the regression of 
Walker tumors. 

It was seen above that the inoculation of 0.1 cc. of the contami- 
nated suspension W18ar4 in 6 rats gave rise to only 3 instead of the 
expected 5 or 6 progressive tumors. It appears, then, that the con- 
taminant decreased the number of progressive tumors by destroying 
the tumor cells either before or shortly after the onset of tumor 
growth. 

A more detailed comparison of the percentages of progressively 
growing tumors resulting from the inoculation of contaminated and 
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sterile suspensions is given in Table I. The data on the growth of the 
sterile tumors were taken from a previous publication.® 

As can be seen from the table, 0.1 cc. of the contaminated sus- 
pensions W18a14 and W25a8 produced only 50 and 60 per cent 
takes, whereas 0.1 cc. of four non-contaminated suspensions pro- 
duced 96 per cent takes. Statistically these differences in the per- 
centages of takes were found to be significant. With smaller inocu- 
lums (0.01 and 0.001 cc.) the percentage takes for the contaminated 
and non-contaminated suspensions do not differ significantly. It 


TABLE I 


A Comparison of the Percentages of Progressive Tumors Produced by 
Contaminated and Sterile Walker Tumor Cell Suspensions 


No. and percentage of rats developing progressive tumors 
Suspension Inoculum 
cc. 0.01 Cc. 0.001 Cc. 

4 sterile suspensions ......... az = 96% = = 54% = = 34% 
Contaminated suspension ..... 5 = 50% $= 67% 2 = 33% 
(W18a14) 
Contaminated suspension .... a = 60% a = 100% = = 715% 
(W25a8) 


* Numerator = No. of rats developing progressive tumors. 
Denominator = No. of rats inoculated. 


** Minuend = No. of rats inoculated. 
Subtrahend = No. of rats dying presumably of infection. 


appears that the small number of bacteria introduced with the small 
inoculums were insufficient to affect the percentage of takes. 

The effect of contaminants on the latent period and growth rate of 
tumors can be ascertained by a comparison of the growth curves of 
contaminated and sterile tumors. Text-Fig. 4 represents the growth 
curves of 2 contaminated tumors: one, Walker tumor Wciga11, was 
heavily contaminated with Gram-negative bacilli (No. 11 (Text- 
Fig. 1)); and the other, Flexner-Jobling tumor Fcr4b14, had 40,- 
000,000 streptococci per cubic centimeter of suspension (No. 14 
(Text-Fig. 3)). 

The two curves in Text-Fig. 4 are linear. The slopes of these 
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linear curves are 1.51 mm. per day for the Walker tumor, and 0.75 
mm. per day for the Flexner-Jobling tumor. These rates of growth 
do not differ significantly from the normal average rates of 1.215 mm. 
per day (+ 0.311 standard deviation) for Walker tumors, and 
0.649 mm. per day (+ 0.133 standard deviation) for Flexner-Job- 
ling tumors, as reported in a previous paper.® 

A complete summary of the average growth rates of contaminated 
and sterile tumors is given in Table II. 

The table shows that there were no marked differences in the 
average growth rates of contaminated and sterile tumors. It may be 
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Text-Fic. 4. Growth curves of 2 contaminated tumors (Walker 
Werogarr and Flexner-Jobling Fc14b14). 


concluded that tumors harboring large numbers of bacteria can 
grow at a normal rate. 

The table also shows that the average latent periods of tumors 
arising from injections of 0.1 cc. of the contaminated Walker and 
Flexner-Jobling tumor cell suspensions were consistently longer 
(9.3, 5-5 and 7.5 days) than the latent periods (1.4 and 2.7 days) of 
the sterile tumors. Statistical analysis of the data showed that this 
prolongation of the latent period is significant. During the pro- 
longed latent periods of the tumors, nodules were present at the site 
of inoculation (see Text-Fig. 4). These nodules consisted presum- 
ably of the reaction tissue of the rat to the bacteria. It appears that 
either the bacteria or the tissue response of the animal to the bac- 
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teria inhibited the onset of tumor growth and prolonged the latent 
period. 

When 0.01 and 0.001 cc. inoculums were used the latent periods 
of the contaminated and sterile tumors were approximately the 


TABLE II 


A Comparison of the Average Latent Periods and the Average Growth Rates 
of Tumors Resulting from the Inoculation of Contaminated and Sterile 
Tumor Cell Suspensions 


Inoculum 
cc 0.01 Cc. 0.001 Cc. 
A 
Suspension 5 i 4 = 

| 2] <8 
Walker tumor days days days pond 
4 sterile suspensions ....... 27 | 1.4 | 20] 6.3] 11 | 12.0] 56 | 1.24 
Contaminated suspension ...| 3] 9.3] 4] 109] 2] 16.3] 9 | 1.23 
(W18ar4) 
Contaminated suspension 3] 5.5| 4] 81] 3] 9.5] 10 | 1.51 
(W25a8) 
Flexner tumor 
2 sterile suspensions ....... 912.7112 | 69] 21 25:0] 22 | 069 
Contaminated suspension ...} 2|7.5| 3] 90] 1 | 13.5 | 2* | 0.74 
(F13a3) 


* Only the contaminated tumors in the series were used to determine the average 
growth rate. 


same. The number of bacteria introduced in the small inoculums 
was not sufficient to affect the latent period. 

There seems to be a correlation between the latent period and the 
percentage takes. The bacteria in the largest inoculums used (0.1 
cc.) caused both an increase in the latent period and a decrease in the 
percentage takes, while the bacteria in the small inoculums (0.01 
and o.oo1 cc.) did not affect either the latent period or the percent- 
age takes. 

It is not possible to make any generalizations from these studies 
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as it is obvious that the effect depends on the number and character 
of the contaminating organism. With the contaminants studied in 
this work it was observed that the bacteria in the o.1 cc. inoculums 
caused, directly or indirectly, an initial inhibition of tumor growth. 
This inhibition was evidenced by the decreased number of progres- 
sive tumors and by the prolongation of the latent period. When 
this inhibition was overcome, the tumors developed at normal rates 
even though they harbored large numbers of organisms. 


DISCUSSION 


Any method for the sterilization of a contaminated tumor by 
transplantation requires the destruction of the bacterial cells and the 
survival of the tumor cells. Various chemical and physical agents 
(potassium cyanide, rivanol, and low temperature) have been sug- 
gested for this purpose. Theoretical considerations indicate that it 
might be preferable to utilize the natural immunity of the animal to 
destroy selectively the bacteria inoculated with the tumor cells. 

The activity of the defence mechanism of the host against a con- 
taminated tumor inoculum depends on two factors: (1) the char- 
acter and the amount of the inoculum, and (2) the resistance of the 
host. 

The contaminated inoculum should be in the form of a tumor cell 
suspension. A suspension does not hinder the humoral and cellular 
antibacterial processes of the host, whereas a fragment of tumor 
tissue affords a nidus for the contaminating organisms. The amount 
of suspension inoculated should be the minimal amount necessary 
for the production of a tumor. The smaller the inoculum is, the 
smaller is the number of bacteria introduced into the animals. Fur- 
thermore, the smaller the inoculum, the longer is the latent period of 
the tumor, and the longer is the period during which the defence 
processes of the animal can free the site of inoculation from bacteria. 

The animals used for the inoculations should be healthy and well 
nourished adult rats, as the resistance of these animals is likely to be 
high. The defence processes of the animals to be inoculated with the 
tumor might be strengthened, if time allows, by first immunizing 
with the organisms occurring in the tumor. It was not found neces- 
sary, however, to resort to this procedure with the bacteria used in 
this work. 
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The success of this method depends primarily on the capacity of 
the animals inoculated with the contaminated suspension to free the 
site of inoculation from the contaminating organism before the tumor 
starts to develop. There should be no difficulty in applying the 
method in the case of saprophytic and certain pathogenic organisms 
(such as Streptococcus viridans). The method might not be satisfac- 
tory in the case of large numbers of highly virulent organisms, espe- 
cially if the contaminant is naturally infectious for the animals (such 
as the paratyphoid bacillus). In these experiments it was observed 
that only one transplantation was needed to sterilize a suspension 
containing 1,000,000 Streptococcus viridans per cubic centimeter, 
whereas two transplantations were required to sterilize a suspension 
containing only 13,000 paratyphoid bacilli per cubic centimeter. 
When the contaminant is naturally infectious for the animals it 
would be an advantage to inoculate large numbers of animals with 
the contaminated tumor cell suspension in the hope that one or two 
are naturally immune to the organism. 

It may be of interest to consider the part played by the biological 
defence processes in the sterilization of tumors by the chemical and 
physical means used by other investigators. Presumably, these 
chemical and physical agents had, in addition to their action on the 
bacteria, some deleterious effect on the tumor cells. The reduction 
in the number of living tumor cells inoculated would be expected to 
prolong the latent period and thus permit the action of the defence 
processes of the host. In fact, Rivers reports a prolonged latent 
period following the use of his sterilization method. It is probable, 
therefore, that the biological defence mechanism is also a factor in 
the sterilization of tumors by chemical and physical means. 

In the work on the Flexner-Jobling tumors it was noticed that the 
organisms recovered from the tumors were somewhat different from 
the original Streptococcus viridans that had been added to the sus- 
pension. This suggests that the tumor offers a good opportunity to 
induce dissociation in bacteria. The tumor acts as a nidus of dead 
and living tissue in which the bacteria survive a long time. The 
organisms in the growing tumor are probably partially protected 
from the immune processes of the animal host. Rivers and Pearce ‘ 
have shown that viruses persist in tumors even though the animal 
host is immune. Under these conditions the dissociation of bac- 
teria may be expected to be accelerated. 
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SUMMARY 


The routine transplantation method used in this laboratory 
sufficed to sterilize a Flexner-Jobling tumor cell suspension pur- 
posely contaminated with Streptococcus viridans, and 2 contami- 
nated Walker tumors. Sterile tumors were obtained by transplanting 
once or twice with minimal amounts (0.001 cc.) of the contaminated 
suspensions. 

The bacteria in the contaminated tumor cell suspensions caused a 
decrease in the percentage of takes of the tumor and prolonged the 
latent period, but had little if any effect on the growth rate of the 
resulting tumors. 
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A SIMPLE METHOD FOR THE SILVER IMPREGNATION 
OF RETICULUM * 


Haroitp Gorpon, M.D., M.S., anp Henry H. Sweets, Jr., B.S. 


(From the Depariment of Pathology, University of Louisville, School of Medicine, 
Louisville, Ky.) 

Silver staining methods, long adopted as a standard procedure by 
neuropathologists, are not yet in common use for purposes of routine 
tissue diagnosis. Four general objections have been raised to the use 
of silver as a staining agent: (1) the uncertain results, (2) the need of 
special fixatives, (3) the use of frozen section technic, and (4) un- 
familiarity with the pictures obtained. Kubie and Davidson ' and 
Foot ? have provided exact formulas to replace the empirical solu- 
tions devised by Bielschowsky,? Ramén y Cajal,* and Rio-Hortega5 
The equimolar solutions advocated by Kubie and Davidson ' pro- 
vide the chemical basis needed to ensure uniform results. With a 
little experience and attention to detail, silver stains can be made to 
yield results as constant as do the acid and basic dyes in common use. 
Foot,® and Foot and Foot ’ are largely, though not solely, respon- 
sible for making formalin-fixed and paraffin embedded tissues avail- 
able for silver impregnation. The fourth objection is the least valid. 
The very specificity of the argyrophil reaction is one of the strongest 
arguments for its adoption in the field of “general” pathology. The 
silver methods provide an excellent supplement to the dye stains. 
To Masson ® * ?° belongs much of the credit for stimulating interest 
in the wider application of the silver impregnation methods and 
showing their value in research and diagnosis. 

Silver impregnation lends itself especially well to the demonstra- 
tion of the reticular connective tissues. Perdrau," Foot and Mé- 
nard,” and Laidlaw * “ have devised useful methods for impregnat- 
ing connective tissue with silver. Perdrau’s formula yields almost 
uniformly constant results. While his method can be recommended 
as a standard of comparison for the evaluation of new methods, it is 
too tedious and time-consuming to lend itself to routine application. 
The method devised by Foot and Ménard ” is rapid and applicable 
to tissues fixed either in Zenker’s solution or in formalin. However, 
the results are not uniformly satisfactory. A series of variants re- 
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cently introduced by Foot and Foot ’ call for confusing variations in 
technic and, where it is desired to demonstrate particularly the 
connective tissues, offer no advantages over the older methods. 
Laidlaw ™ used a chemically unbalanced and highly concentrated 
solution of silver diammino carbonate. This is not an easy solution 
to work with. Therefore, there seems place for the following method 
which has been found to yield results as certain and constant as the 
Perdrau technic. 


METHOD 


Fixation: Either 10 per cent aqueous formalin solution (4 per 
cent formaldehyde) or Bouin’s fixative may be used. The formalin 
may be neutral or not. Tissues should be well fixed. They may be 
embedded in paraffin or in celloidin or cut on the freezing micro- 
tome. Celloidin sections may be used as such. Frozen sections 
should be affixed to slides or coverslips by means of a thin coating of 
celloidin (Wright’s technic). Paraffin sections are transferred to 
slides or coverslips previously cleaned with strong nitric acid and 
with alcohol. Mayer’s egg albumin medium does not effectively 
prevent detachment of the sections in the strongly alkaline silver 
impregnation solution. Three alternative methods are available, 
instead, for the protection of the sections during impregnation: 

(1) The paraffin sections are floated on clean slides or coverslips 
and dried in the incubator. The slides are transferred, in turn, to 
xylol, absolute alcohol, and to a mixture of absolute alcohol and 
ether (equal parts). They are then immersed in thin celloidin, 
drained and partially dried in air. The celloidin film is hardened in 
70 per cent alcohol and the sections placed in water (Wright’s 
technic). 

(2) The paraffin sections are floated on to a warm 1 per cent 
aqueous solution of gelatin, transferred to slides or coverslips and 
allowed to drain. The gelatin is then hardened by exposure to 
formaldehyde vapor. This is a modification of the Masson gelatin 
glue method " and is especially recommended for sections of the cen- 
tral nervous system. It is also useful for frozen sections where it is 
desired to demonstrate lipoids, using Scharlach R or Sudan III as a 
counterstain. 

(3) Warthin’s molasses and celloidin sheet principle * may be 
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used. This is especially advantageous when many sections are cut 
from a single block of tissue. 

Oxidation and Reduction: A modification of the well known Mal- 
lory bleach is employed. The sections are oxidized for 1-5 minutes 
in an acidified potassium permanganate solution as follows: to 
47-5 cc. of 0.5 per cent aqueous potassium permanganate solution 
add 2.5 cc. of 3 per cent sulphuric acid. After a brief wash in water, 
bleach until white in 1 per cent oxalic acid, then wash, in rapid 
succession, in tap water and in 2 or 3 changes of distilled water. 

Mordanting: The sections are placed in 2.5 per cent aqueous 
solution of ferric ammonium sulphate (iron alum), employed as a 
sensitizing agent. They may be left in for a variable period (15 
minutes to as long as 2 hours). The alum solution may be used re- 
peatedly. After mordanting, the sections must be washed thor- 
oughly in 2 or 3 changes of distilled water. 

Impregnation: The diammino silver hydroxide solution of Kubie 
and Davidson! is used. To 5 cc. of 10.2 per cent aqueous silver 
nitrate solution add strong ammonium hydroxide solution, drop by 
drop, until the precipitate is just dissolved. Add 5 cc. of 3.1 per 
cent sodium hydroxide to the ammoniated silver solution, redis- 
solve the resultant precipitate with a drop or two of strong am- 
monium solution and dilute to 50 cc. with distilled water. 

The length of time of impregnation may be gauged by the time it 
takes the sections to become transparent. This usually occurs al- 
most instantly. Longer impregnation causes the sections to turn a 
rich brown color and produces an intensely black stain after reduc- 
tion of the silver. If impregnation is allowed to take place for the 
optimum period, only a brief wash in distilled water is necessary 
previous to reduction. If the time of impregnation is prolonged, the 
sections should be washed more deliberately. 

Reduction: An aqueous 10 per cent formalin (4 per cent for- 
maldehyde) is used for this purpose. The sections should be moved 
to and fro in this solution and reduction is complete almost imme- 
diately. After reduction the sections may be washed in tap water. 

Toning: Gold toning is merely a refinement and may be omitted. 
The sections are toned in 0.2 per cent aqueous gold chloride solution 
(Merck’s yellow gold chloride) until they turn a purplish color. The 
gold solution may be used repeatedly if protected from the “hypo” 
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fixing solution. After a brief wash the sections are fixed in 5 per 
cent aqueous sodium thiosulphate (“hypo”) and then washed in 2 
or more changes of tap water. 

Dehydration and Clearing: Sections attached to slides with celloi- 
din are dehydrated in 95 per cent and absolute alcohol. The celloi- 
din is then dissolved in a solution of absolute alcohol and ether, in 
equal parts. This latter step is not absolutely necessary and is at- 
tended by the risk of detachment of the sections from the slides, but 
it is recommended because surface precipitates are thereby re- 
moved, leaving a more sharply impregnated section. The sections 
are then cleared as usual in xylol and mounted in balsam. Sections 
fastened to slides with Masson’s gelatin glue are dehydrated in 95 
per cent and in absolute alcohol, cleared in xylol and mounted in bal- 
sam. Celloidin sections, whether embedded as such or secondarily 
converted to that form by Warthin’s celloidin sheet method, are 
partially dehydrated in 95 per cent alcohol, transferred to carbol- 
xylol (xylol 2 parts, melted phenol crystals 1 part), cleared in xylol 
and mounted in balsam. 


RESULTS 


The reticulum is sharply impregnated, appearing brownish black 
in untoned, and dark purple in toned preparations. Nerve fibers are 
also impregnated, appearing almost black, whether toned in gold or 
not. Elastic fibers are jet black in the toned and in the untoned sec- 
tions. Cartilage and the trabeculae of decalcified bone assume a 
pleasing golden brown color in the untoned, a purple gray in the 
toned preparations. If the processes of oxidation and reduction are 
properly completed, the background is almost colorless, the cell 
nuclei and cytoplasm (other than fibers) being silver-negative. 


COMMENT 


This method permits impregnation of the fibers in approximately 
20 to 30 minutes. In speed alone it does not quite compare with the 
method recently published by Wilder.!” However, it permits im- 
pregnation of the finest fibers and does not call for many precise or 
rapid changes of the sections from one solution to another. One of 
its special features is its lability. The sections may be left in the 
alum for several hours without spoiling; they may be washed for an 
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indefinite period at any stage previous to impregnation in the diam- 
mino silver hydroxide solution; and they need watching and timing 
only while being reduced and while being impregnated in the diam- 
mino silver solution. The action of the alum mordant is peculiar also 
in this respect — sections that have been overstained because of 
prolonged impregnation may be completely destained, after reduc- 
tion in the formol, by replacing them in the alum solution. Then, 
after a brief wash, they may be reimpregnated in the diammino 
silver solution and reduced in formalin. The sections will then be 
found as well stained as ever. This use of the alum solution is al- 
most a duplicate of its utilization in the Spielmeyer myelin sheath 
stain.’* However, the alum will not destain sections once they are 
toned in gold and fixed in “hypo.” The acidified permanganate 
solution ensures rapid and complete oxidation of the tissues and is an 
improvement upon the 0.25 per cent aqueous permanganate solution 
commonly employed for this purpose. Oxalic acid is used for reduc- 
tion because it is relatively cheap and is quite effective. 


SUMMARY 


A method, utilizing iron alum as a mordant and, if necessary, as a 
destaining agent, is suggested for rapid and effective silver impreg- 
nation of reticulum of tissues fixed in formalin or in Bouin’s solution. 
The method may be conventionally summarized as follows: 


1. Fix in 10 per cent aqueous formalin or in Bouin’s solution. 

2. Cut frozen sections or embed blocks in paraffin or in celloidin. 
Affix frozen or paraffin sections to slides by Wright’s technic 
or by Masson’s gelatin glue method, or ensheath in celloidin 
by Warthin’s molasses-celloidin sheet method. 

3. Oxidize for 1-5 minutes in acidified permanganate solution: 
47-5 cc. of 0.5 per cent aqueous potassium permanganate 
plus 2.5 cc. of 3 per cent sulphuric acid. 

Wash in water. 

Bleach until white in 1 per cent oxalic acid. 

Wash in tap water and 2 changes of distilled water. 

Mordant for 15 to 30 minutes (or longer) in 2.5 per cent aqueous 
iron alum. 

8. Wash in 2 or 3 changes of distilled water. 

9. Impregnate for a few seconds in diammino silver hydroxide. 
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. Wash briefly in distilled water. 
. Reduce in 10 per cent aqueous formalin. 
. Wash in water. (If the sections are overimpregnated repeat the 
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process from step 7.) 


. Tone in o.2 per cent yellow gold chloride 1-3 minutes. 
. Wash in tap water. 

. Fix in 5 per cent sodium thiosulphate 5 minutes. 

. Wash well in tap water. 

. Dehydrate in 80 per cent and in g5 per cent alcohol. 


(a) For sections affixed by Wright’s method. Complete dehy- 
dration in absolute alcohol and dissolve celloidin in equal 
parts of absolute alcohol and ether. 


. (b) For celloidin or celloidin sheet sections. Complete dehydra- 


tion in carbol-xylol (xylol 2 parts, phenol 1 part). 


. Clear in xylol. 
. Mount in balsam. 
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DESCRIPTION OF PLATE 


PLATE 101 


Fic. 1. Leiomyosarcoma, showing the complex arrangement of the fibrils. 
x 105. 


Fic. 2. Plexiform neurofibrosarcoma. x 170. 
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SYMMETRICAL CORTICAL NECROSIS OF THE KIDNEYS * 
REPORT OF A CASE 


NeEwTon Evans, M.D., AND ELMER W. GrBErT, M.D. 


(From the Department of Pathology, College of Medical Evangelists, and the Pathology 
Laboratory of the Los Angeles County Hospital, Los Angeles, California) 


This peculiar lesion has excited interest for many years. The first 
case was reported in 1886 by Juhel-Rénoy " of France. To date 53 
proved cases have been recorded, mostly by English and German ob- 
servers. About 14 cases have been reported in the American litera- 
ture. In 1933 Ash ! made an extensive search, gathering 62 recorded 
cases, 18 of which were not definitely proved as some had had no 
portmortem examination, in others the individuals had recovered, 
and 1 or 2 cases had had a biopsy on one kidney only. In our search 
of the literature we have found 8 additional cases” }® 2% 28> 30 
which we think belong to this group. 

A review of the literature reveals a fairly distinct clinical picture. 
The patient may be male or female, but the pregnant female is by 
far more often the victim. The age period is wide but it is evident 
that the child-bearing years are the usual time of occurrence. The 
onset of illness is abrupt or insidious, beginning late in the last tri- 
mester of pregnancy, or even at term. In other cases symptoms 
make their appearance in the second trimester. The usual picture at 
first is that of some form of toxemia of pregnancy, e.g. headache, 
nausea, vomiting, epigastric pain, and even convulsions. Examina- 
tion at this time usually reveals the absence of fetal heart tones. 
When the convulsions begin, spontaneous or induced delivery 
usually occurs shortly and a dead fetus is born. Only once were 
living infants born, they being twins. Almost invariably following 
delivery the urinary output is either markedly decreased or is nil. 
Such urine contains pus, red blood cells, casts and much albumin. 
The blood pressure is frequently elevated but about as often is nor- 
mal. Nitrogen retention is common. It is remarkable that the men- 
tal state of the individual is so often clear, almost to the end, which 
comes generally after about 5 days of partial or complete anuria. A 
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few cases have been described in which the course appeared fairly 
typical and the patient recovered, but in these the urinary suppres- 
sion was less complete. 

The kidney lesion was notably uniform in all instances. Ne- 
crosis simulating infarction involved all the cortical portion and 
the columns of Bertin of both kidneys, with thrombosis of the ves- 
sels therein, but without occlusion of the arteries proximal to these 
vessels. The average weight of both kidneys was 413 gm. Only on 
three occasions did typical lesions of eclampsia appear in the liver. 
Many times the placenta showed signs of decomposition. 

The incidence of etiological factors and symptoms from cases re- 
viewed in the literature can be summed up as follows: 


INCIDENCE OF ETIOLOGICAL FACTORS 


Sex 45 (86%) (41 pregnant) 


13 to 65 yrs., average 32 


Age 


Primary ETIOLOGICAL CONDITIONS 
Intravenous camphor, acute tonsillitis, scarlet fever, 

diphtheria, malaria, myocardial infarction, pul- 

monary tuberculosis, ruptured liver, carcinoma of 


INCIDENCE OF SYMPTOMS 


A case presenting the classical symptoms of cortical necrosis of 
both kidneys has recently come under our observation and a brief 


report follows. 


REPORT OF CASE 


Clinical History: The patient, a Negress, was first seen at the age of 33 years, 
in March, 1926. During her 8} months of pregnancy there were present, edema 
of the ankles, headache, vague abdominal pain, and vomiting. On admittance 
to the hospital the temperature was normal, the blood pressure 220/120, 
non-protein nitrogen 46 mg., and carbon dioxide combining power 40 vol. per 
cent. The urine contained considerable red blood cells, albumin, and a few 
hyaline and granular casts. Blood Wassermann was negative. A living child was 
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born. Ten days postpartum the blood pressure was 180/130 and 2 weeks later 
190/120. 

In October, 1930, after 63 months of pregnancy, during which time nausea, 
vomiting, vertigo, headache, visual disturbance, and edema of the ankles were 
present, she was again admitted to the hospital. A convulsion had just oc- 
curred, but the patient was conscious. The blood pressure was 190/135. The 
urine contained 24 per cent albumin by volume, and numerous pus cells. Blood 
non-protein nitrogen was 33 mg. and carbon dioxide combining power 39 vol. 
per cent. After 4 days a dead macerated fetus was delivered. Ten days later 
the blood pressure was 140/100 and the urine albumin 7 per cent by volume. 

On the morning of Sept. 30, 1932, she was brought to the hospital for the 
third and final admission. At this time she was 39 years of age, para V, gravida 
VIII, and 7 months pregnant. She was drowsy and unable to answer questions, 
but her husband stated that she had complained for several months of nausea 
and vomiting, epigastric pain, spells of vertigo, headache, and edema of the 
ankles. About September 24th she had had a convulsion, and another one on 
the day of admission. 

Physical examination revealed moderate edema of the ankles. Fetal heart 
tones were absent. The urine obtained was of insufficient quantity for specific 
gravity determination, coagulated on heating, and contained many pus cells 
and fine and coarse granular casts. Red blood cells were 3,600,000 and hemo- 
globin 45 per cent. There was a third convulsion the evening of the day of ad- 
mission and labor pains had begun. On the 2nd day a 3 pound, stillborn fetus 
was delivered. The placenta which followed was fragmented and decomposed. 
There was only a moderate amount of bleeding. The patient remained uncon- 
scious until death occurred on the 5th hospital day, 3 days postpartum. 

The blood pressure on admission was 135/95. Following the convulsion 
that same evening it was 170/90. Preceding delivery it was 170/110; imme- 
diately following, 155/90 and 2 hours later it was 200/105. From that time 
until shortly before death it ranged between 190/100 and 140/80. 

Blood chemistry determinations were made twice. On the 1st day non-pro- 
tein nitrogen was 52, creatinine 3.5 and carbon dioxide combining power 25. 
The following day the non-protein nitrogen was 85, creatinine was not deter- 
mined and the carbon dioxide combining power was 35. 

The anuria appears to be the most significant feature. On the day of last 
entry an insufficient amount of urine for specific gravity determination was 
secured. The 2nd day none was recorded, the 3rd day only 2 ounces could be 
obtained and on the 4th and sth days there was total anuria. 


POSTMORTEM EXAMINATION 


Autopsy was performed 5 hours postmortem. The body was well 
nourished. There was moderate edema of the feet and ankles. The 
brain showed generalized congestion and a moderate amount of 
subarachnoid edema. The lungs together weighed 940 gm., were 
congested, edematous and presented a few subpleural petechial 
hemorrhages. The heart weighed 320 gm. and contained several 
areas of ecchymosis beneath the endocardium of the left ventricle. 
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The liver weighed 1600 gm., and in appearance was suggestive of 
fatty degeneration, but there were no lesions typical of eclampsia. 
The uterus weighed 730 gm. and was moderately firm. Numerous 
ecchymoses averaging 1 cm. in diameter were present beneath the 
serosa over the whole organ. The endometrium was foul smelling 
and was covered by soft, dark red decomposed blood clots. The 
left ovarian vein throughout its midportion contained an ante 
mortem thrombus 5 cm. in length. Both adrenals presented cortical 
hemorrhagic areas. The mucosa of the urinary bladder was hemor- 
rhagic and 2-3 cc. of thick yellow fluid were present. 

The kidneys together weighed 380 gm. and were about equal in 
size. The capsules stripped with ease and were slightly thickened 
and congested. The entire surface of each kidney was yellow except 
for mottling with small areas of hemorrhage. Several of these areas 
were depressed and fibrosed. On section (Fig. 1) practically the en- 
tire cortex of the kidneys had the characteristic appearance of classi- 
cal infarction but for its distribution. The necrotic areas were light 
yellow with hemorrhagic borders. Almost all portions of the col- 
umns of Bertin were uniformly involved while the cortical infarc- 
tion was interrupted at intervals by less necrotic tissue. The pyra- 
mids appeared normal except for evidence of congestion. There 
were a few petechial hemorrhages beneath the pelvic mucosa. The 
renal vessels presented no gross evidence of thrombosis. 


Microscopic EXAMINATION 


Consistent with the gross pathology, the most striking histological 
changes were in the kidneys. The cortical structures, including all 
the tissue elements, were necrotic except for minute areas adjacent 
to the pyramids and the narrow zone beneath the capsule, which was 
not of sufficient depth to include any glomeruli. The greater part of 
the infarcted cortical tissue had a strikingly normal appearance and 
arrangement, except for the acute necrotic changes. The glomeruli, 
though somewhat swollen, looked like normal glomeruli which had 
suddenly necrosed. No glomeruli could be found which had been 
distorted or sclerosed, as would be the case in either primary or 
secondary contracted kidney. The sections examined showed a few 
sclerotic areas corresponding to the depressed surface scars seen 
grossly. The complete involvement of the cortical labyrinth is em- 
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phasized by the fact that only the rarest glomerulus could be found 
which took the nuclear stains as living tissue should (Fig. 2). 

The convoluted tubules were all necrosed. They appeared swollen 
but had, for the most part, a normal arrangement and relation to 
each other, the necrosed epithelial cells fused with a homogeneous 
material filling the lumens. There were places, however, where it 
was evident that a minor amount of interstitial fibrosis had oc- 
curred, but it was small in amount. In numerous areas the intertu- 
bular tissue was filled with nuclear staining granular material as 
though a cellular exudate had collected and then disintegrated 
along with the necrosis of the fixed tissue elements. 

The vascular elements of the cortex showed what were perhaps the 
most striking features. All of the vessels in the necrotic areas were 
likewise necrosed, but were distended with thrombotic material 
looking like white thrombi composed of platelets and fibrin. The 
most notable appearance was made by the rounded, thin walled, 
distorted, interlobular arteries and their branches, the afferent 
arterioles. For the most part these arterioles were distended with 
thrombotic material, but some gave the appearance of complete 
necrosis, the lumens closed by hyaline swelling of the walls, leaving 
no room for the thrombi (Fig. 3). 

Liver: Microscopically the liver sections had a surprisingly nor- 
mal appearance. In a few places the interlobular arterioles gave the 
faintest suggestion of hyaline degeneration. 

Spleen: Splenic arterioles presented an intense grade of hyaline 
degeneration, producing an appearance in many vessels of closure of 
the lumens. 

Adrenal: Section of one of the adrenals presented two striking 
findings — extensive focal necrosis of the cortex, and in one place a 
minute cortical adenoma. 


DISCUSSION 


The following questions are pertinent: (1) What was the real 
character of the final attack? Should it be looked upon as eclampsia? 
Was the death an eclamptic death? 

That it partook of the nature of an eclampsia is supported by its 
association with pregnancy and by its characteristic eclamptic symp- 
toms. That it was not a classical non-nephritic or hepatic type of 
eclampsia is indicated by the absence of the characteristic hepatic 
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lesions and by the evident changes in the kidneys at variance with 
the simple tubular degenerative changes and the glomerular changes 
of classical eclampsia described by Bell and others. Furthermore, 
that it was not an eclampsia with nephritis (nephritic toxemia) is in- 
dicated by the absence of histological evidence of either an acute or 
chronic glomerular nephritis. Nor was it an eclampsia with chronic 
hypertensive disease, since the absence of cardiac hypertrophy rules 
out persistent arterial hypertension. On the other hand, it is reason- 
able to conclude that death was due to the cortical renal necrosis, 
anuria and uremia. 

(2) What was the nature of the two previous (eclamptic) attacks? 
Were they non-nephritic eclampsia or were they nephritic? 

That they were of the nature of eclampsia seems evident, although 
in the first of the two attacks, convulsions are not recorded. The 
absence of any examination of the patient between attacks makes it 
impossible to say with confidence that she did or did not have a true 
nephritic lesion. However, the absence of definite histological evi- 
dence of chronic nephritis at autopsy would rule out such a con- 
dition. 

(3) What is the pathogenesis of the cortical necrosis? What is the 
cause of the vascular thrombosis? 

Beginning with the first reported case, various hypotheses have 
been advanced as to the exact pathogenesis of the infarction. Juhel- 
Rénoy, in his case following scarlet fever, thought it was due to mul- 
tiple emboli. Others believe it is primarily due to the action of some 
toxic agent on the renal tissues. Ash has recently advanced the idea 
of angiospasm resulting in stasis and thrombosis and consequent in- 
farction. It is believed by almost all the writers that the thrombosis 
is primary and the tissue necrosis secondary, and not that the throm- 
bosis occurs simultaneously with or subsequently to necrosis of the 
kidney parenchyma. 

Our concept of the sequence of events in this lesion is the presence 
of some toxic substance in the circulating blood capable of producing 
injury to the capillary and arteriolar walls in large areas of the kid- 
ney cortex sufficient to cause extensive thrombosis and consequent 
necrosis of the tissues nourished by these vessels. It is, of course, 
conceivable that the changes in the involved vessel walls may in- 


clude either spasm, paralysis or both. 
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SYMMETRICAL CORTICAL NECROSIS OF KIDNEYS 


SUMMARY AND CONCLUSIONS 


A brief review of the recorded cases of cortical necrosis of the 
kidneys is presented. 

A case with autopsy findings, which is unique on account of pre- 
vious eclamptic attacks, is reported. 

The immediate cause of death was acute renal failure with anuria. 

While the clinical syndrome is apparently that of eclampsia, it 
is not possible to assign it to one of the recognized pathological types 
of this disease. 

A brief discussion of the possible pathogenesis of the kidney lesion 
is presented. 
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DESCRIPTION OF PLATE 


PLATE 102 


Fic. 1. Kidney showing practically complete necrosis of the parenchyma ot 
cortex and columns of Bertin. The pyramids appear normal. The light 
colored necrotic areas have dark hemorrhagic margins. 


Fic. 2. Section of cortex of kidney showing margin of infarcted area. The 
upper two glomeruli and tubules are not involved in the necrotic process. 
Below are completely necrotic tubules and glomeruli. Hematoxylin-eosin 
stain. x95. 


Fic. 3. Section of cortex of kidney in infarcted area. Above is a dilated inter- 
lobular artery filled with thrombus. Leading from it is an afferent arteriole 
distended with thrombus, and its glomerulus. Mallory’s aniline blue stain. 
X 95. 
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MALIGNANT TERATOMA OF THE URINARY BLADDER * 
REPORT OF A CASE 
D. Pottack, M.D.t 
(From the Laboratories of The Mount Sinai Hospital, New York, N. Y.) 


Embryonal, mixed, or teratomatous tumors of the urinary blad- 
der are quite rare. Because of their infrequency and their interest- 
ing pathogenesis it was deemed worth while to report a case belong- 
ing to this group of tumors. 


REPORT OF CASE 


Clinical History: The patient, a 72 year old white male, was admitted to the 
surgical service of the Mount Sinai Hospital Dec. 23, 1934. He complained of 
urinary retention of 8 days duration, requiring catheterization. For 11 years 
there had been increasing difficulty in urination, accompanied by frequency and 
nocturia. One year before admission, painless total hematuria was noted on two 
occasions. Sixteen years previously he had had a left ureterotomy for uretero- 
lithiasis, following which there was complete relief from all symptoms. 

Physical Examination: The patient was well developed and well nourished. 
The heart was not unusual. The systolic blood pressure was 170, the diastolic 
70mm. Hg. The lungs were clear. Both kidneys were palpable but not tender. 
Rectal examination disclosed a considerably enlarged prostate which was firm 
and homogeneous in consistence. 

Laboratory Data: The hemoglobin was 65 per cent (Sahli). The urine con- 
tained 2-4 red blood cells, 1-3 white blood cells, and a rare granular cast per 
high power field. The phenolsulphonephthalein test showed 75 per cent excre- 
tion in 6 hours. The blood urea nitrogen was 20 mg. per 100 cc. 

Course of Illness: Intravenous urography revealed a greatly dilated left 
kidney pelvis and calyces. The left ureter was also considerably dilated down to 
the level of two large calculi impacted just above the ureterovesical junction. 
The right side was not visualized. Through the cystoscope a pronounced in- 
travesical and intra-urethral enlargement of the lateral lobes of the prostate was 
observed. Suprapubic cystotomy and bilateral vas ligation were performed 
Jan. 4, 1935. At the same time a left ureterolithotomy was done and two stones 
were removed from the ureter. Postoperatively there was no significant rise in 
the blood urea. A mild infection of the ureterotomy wound and a perianal 
abscess complicated the convalescence, but both were finally controlled. With 
suprapubic drainage the general condition improved and the phenolsulphoneph- 
thalein excretion rose to 90 per cent in 6 hours. On Feb. 8, 1935, a second 
stage suprapubic prostatectomy was performed. An enormous prostate com- 
posed of a median and two lateral lobes was removed. The pathological diagno- 
sis was fibro-adenoma of the prostate. Following this procedure there was a 
steady rise in temperature, associated with the appearance of rAles in the lower 
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lobes of both lungs. A roentgenogram of the chest revealed bronchopneumonia. 
In the film an unusual area of consolidation was noted in the left lower lobe. 
The blood urea nitrogen rose to 50 mg. per roo cc. There was a terminal B. coli 
bacteremia. The patient lapsed into coma and died Feb. 15, 1935. 


POSTMORTEM EXAMINATION 


The body is that of an emaciated but well developed white male, 
72 years of age. There is a recent, well healed incision in the left 
hypogastrium and an open suprapubic incision through which a 
rubber drainage tube passes into the bladder. On opening the blad- 
der one finds a deep excavation in the region of the apex of the tri- 
gone, which marks the site of prostatectomy. The excavation is 
filled by a mass of grumous hemorrhagic material. Elsewhere the 
bladder is heavily trabeculated, the mucosa deeply engorged and 
hemorrhagic. Numerous small diverticulums are present in the pos- 
terior wall. Just medial to the left ureteral orifice a large diverticu- 
lum 4 cm. in diameter is found. It is not visible from the mucosal 
surface of the bladder and lies immediately anterior to the intra- 
mural portion of the left ureter, apparently obstructing it at this 
point. The neck of the bladder is greatly thickened throughout its 
entire circumference. The wall measures 3 cm. on the left side and 
2 cm. on the right. The thickening diminishes gradually upward 
toward the fundus and downward toward the prostatic shell. Sec- 
tions through the thickened portions reveal diffuse infiltration of 
the bladder wall by soft, white, medullary tumor tissue which is 
mottled by hemorrhage. The tumor is restricted to the muscular 
wall of the bladder; there is no bulging of the tumor into the lumen 
of the bladder, and it does not appear anywhere on the surface. 
Posteriorly the seminal vesicles immediately overlie the infiltrated 
wall of the bladder. The seminal vesicles themselves, however, and 
the vasa deferentia are discretely outlined and have no connection 
with the underlying tumor. The spermatic cords, testes and epi- 
didymes show no tumor. 

A single metastasis is found in the lower lobe of each lung. These 
are 6 cm. and 3 cm. in diameter, respectively, and white, medullary. 
and friable. The peripheral portions of these nodules are markedly 
hemorrhagic. No other metastases are found. 

There are present also, bilateral hydronephrosis, hydro-ureter and 
ascending pyelonephritis. Bronchopneumonic areas are found in the 
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lungs. The liver is notable for a diffuse fibrosis producing a dis- 
organization of the normal lobular architecture. Multiple con- 
genital cysts of the head of the pancreas and a small cavernous 
hemangioma of the liver are also found. 


Microscopic EXAMINATION 


The prostate, which had been removed surgically, was reéx- 
amined. The entire specimen, which had been fixed in Kaiserling’s 
solution, was recut and many blocks were made. This examination 
again disclosed simple fibro-adenoma. 

The primary tumor in the bladder is found to be a diffusely infil- 
trating, non-encapsulated growth whose tendency toward invasion 
of the blood vessels is striking. Tumor necrosis is moderate. The 
tumor has two distinct components — an epithelium and a stroma. 
A characteristic feature of the epithelium of this tumor is the fre- 
quent transition from disoriented, simple sheets of cells into glandu- 
lar structures (Fig. 1). The epithelial elements are arranged in 
nests, sheets and simple acini. Some acini are more elaborate and 
form structures roughly resembling embryonal renal glomeruli 
(Fig. 2), such as are not infrequently seen in mixed tumors of the 
kidney. This characterization is not intended, however, to have 
more than descriptive significance. The epithelial cells are small. 
The nuclei approximate the lymphocyte in size, are round and fairly 
uniform in appearance with distinct membranes. The chromatin 
material is finely dispersed and distributed also as small, deeply 
basophilic granules just under the nuclear membrane. There are no 
nucleoli. Mitotic figures are frequent. The cytoplasm of the epi- 
thelial cells is ill defined, faintly acidophilic and scanty. 

The second component of the tumor is designated as stroma, al- 
though it forms an integral part of the neoplasm. In fact, there are 
many areas in which it is difficult to distinguish between epithelial 
and stromal cells. The major portion of the stroma bears a con- 
siderable resemblance to embryonal mesenchyma. The cellularity 
varies in density, ranging from a rather loose reticular to a fairly 
compact tissue whose cells assume a spindle shape and a fasciculated 
arrangement. The cells are of about the same size as the epithelial 
cells. Their nuclei vary in shape from round to long spindle forms. 
The nuclear membrane is discrete and delicate, sometimes wrinkled. 
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The chromatin material assumes a very fine reticulated appearance. 
In some areas the nuclei are large, exceedingly irregular and hyper- 
chromatic. Mitoses are only occasionally seen. The cytoplasm is 
faintly acidophilic and vague in outline. The reticular areas owe 
their appearance to an interlacing arrangement of delicate cyto- 
plasmic processes. The stroma contains many dilated capillaries. 
Small hemorrhages are conspicuous everywhere. Finally, multiple 
small centers of embryonal cartilage are found within focal concen- 
tric condensations of stromal cells (Fig. 3). 

The metastases in the lung exhibit the same histological structure 
as the primary tumor. Frequently, fragments of tumor tissue are 
found in small but considerably distended pulmonary arteries, 
adherent to the wall with beginning invasion, or free in the lumen 
(Fig. 4). It is possible that in addition to growth there may even 
have been differentiation of tumor tissue in such metastases — for 
example, elaboration of embryonal cartilage out of mesenchymal 
stroma. Large areas of infiltrated alveoli show necrosis and hemor- 
rhage. Invasion of a small bronchus by tumor tissue is also found. 


DISCUSSION 


A discussion of teratomatous tumors in general lies beyond the 
scope of this report. Ewing’s } comprehensive treatment of the sub- 
ject remains a standard. A short consideration by Rosedale? has 
appeared recently. 

In any examination of a teratoma two questions must arise, 
namely origin and composition. Concerning the origin of these 
tumors, Ewing has grouped them into three categories: “‘(1) Tera- 
tomas derived from aberrant sex cells and found chiefly in the sex 
glands. (2) Extragenital teratomas, many of which approach the 
development of the parasitic fetus and which may be derived from 
isolated nearly totipotent blastomeres, or from early budding of the 
blastoderm. (3) Teratomas (or teratoids) derived from multipotent 
material of distinct regional stamp and reproducing the organs of 
these regions.” These categories will, it appears, include most 
cases. Other concepts of genesis represent for the most part elabora- 
tions and may in some instances have validity. At any rate, it is 
apparent that no single pathogenetic principle may be adduced as an 
explanation for the origin of all teratomatous tumors. 
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The question of the ultimate composition of such tumors is a 
more difficult one. Why one tumor goes on to complete and varied 
tissue or even organ differentiation, while another of apparently 
similar origin exhibits only a very early embryonal character, re- 
mains unsolved. Borrowing from experimental embryology, Willis * 
considers tissue and organ elaboration in teratomas an expression of 
“tissue correlations.” For example, young, growing, central nerv- 
ous system tissue may evoke chondrification in the neighboring 
plastic mesenchyma. Such “tissue correlations” may, he contends, 
obtain in teratomatous tumors as well as in normal ontogeny. 

Finally, a consideration of malignant change in teratomas must 
fall into the general problem of neoplastic growth. 

The tumor described in this paper is designated as a teratoma in 
that it falls into Ewing’s third category — “derived from multi- 
potent material of distinct regional stamp and reproducing the or- 
gans of these regions.”’ Here, however, the embryonal character is 
retained and no organs are evolved. It is well to refer briefly to 
similar tumors described heretofore. 

Mixed tumors occurring in the bladder were considered by Wilms,‘ 
who cited 3 cases. One, that of Shattock, concerned a 55 year old 
male with a polypoid tumor in the region of the right ureteral 
meatus. Microscopically the tumor was found to be composed of 
smooth muscle cells, well formed cartilage, and round and spindle- 
celled sarcomatous elements. A 2nd case, that of Benecke, occurred 
in a 75 year old male. In this case the tumor was similar in gross 
appearance and in location to that reported by Shattock. Histo- 
logically this tumor was found to be comprised of a pleomorphic 
sarcomatous tissue containing elastic fibers, cartilage and bone. The 
3rd citation of Wilms is a case reported by Livio and deals with a 
multiple polypoid tumor of the lower third of the bladder in a 13 
year old male. This tumor was composed of embryonal striated 
muscle fibers. Wilms was of the opinion that such tumors are found 
in the urinary bladder only of males, and that the homologue of this 
type of tumor in the female is a polypoid tumor of comparable his- 
tology sometimes found in the vagina or cervix. This, together with 
the fact that the tumors in the male bladder occur either in the tri- 
gone or in the region of the ureteral meatus, led him to believe that 
both the cervical or vaginal mixed tumors in the female and the 
vesical mixed tumors in the male have a single origin. The Wolffian 
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duct in its caudal growth, he thought, carries down mesodermal 
elements of sclerotomal and myotomal potencies. 

Since the time of Wilms, similar tumors have been described, some 
in females. Hiickel® mentions a case reported by Ménckeberg, 
that of a pedunculated tumor occurring in the trigonal area of the 
bladder in a 23 year old female. Smooth and striped muscle cells were 
found histologically. He cites also, Hiisler’s case of a 1} year old 
male child with a lobulated trigonal tumor which he called “fibroma 
oedematosum myoenchondromatosum.” The tumor also contained 
striated muscle fibers. The 3rd case cited by Hiickel is one of Ried’s 
—a 57 year old male with a bladder tumor whose point of origin in 
the bladder was no longer recognizable. Histological examination 
revealed bone and osteoid tissue in a sarcomatous matrix. Hiickel 
contends with Gruber ® that it is not necessary to evoke Wilms’ 
explanation of the origin of these tumors — that it is sufficient to 
recall the mesodermal derivation of the trigonal area of the bladder 
and assume the realization of the potentialities of mesoderm in the 
formation of such tumors. Such a generalization is probably unjusti- 
fied, however. Mixed tumors, such as those described, are not found 
everywhere. It is certainly more than a coincidence that they should 
occur where they do. The occurrence, furthermore, of such tumors 
in the bladder of the female is also not in discord with Wilms’ 
theory. The Wolffian duct, it is recalled, joins the primitive indif- 
ferent cloaca of the early embryo. The cloaca later becomes differ- 
entiated into a ventral urogenital sinus and a dorsal rectum. If 
Wilms’ thesis be correct, then the possibilities for the development 
of tumors such as those under consideration can exist in all tissues 
developing from the region of juncture of the mesonephric duct and 
the ventral portion of the cloaca. 

Teratomatous tumors of the urinary bladder have been described 
also by Wright-Smith ’ and by Teleky.* That reported by the latter 
was found in a 35 year old female and consisted of a pedunculated 
growth in the region of the trigone. Histologically, derivatives of all 
three germ layers were represented. This tumor may have a differ- 
ent origin from those mentioned and that reported here. 

Gabe ° reported a case of sarcocarcinoma of the urinary bladder 
and reviewed the literature concerning sarcoma. The total number 
of cases of sarcoma of the bladder reported up to 1932 is 130. Six 
cases of mixed carcinoma and sarcoma have been reported. The re- 
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ported cases of sarcoma include many histological varieties — 
fibro-, angio-, myo-, myxo-, osteochondro-, round-celled and spindle- 
celled sarcoma. It is possible that some of these tumors are really 
primary teratomas that have become unilateral in their growth 
potentialities. 

It is believed that the tumor described in this paper falls into the 
group of neoplasms that Wilms considered as having origin in meso- 
derm carried down to the bladder by the caudally growing Wolffian 
duct. Such mesoderm may exhibit the potentialities of embryonal 
sclerotome, myotome or nephrotome. In this tumor no striated 
muscle cells were found. The sarcomatous and cartilaginous ele- 
ments are looked upon as being derived from the sclerotome, the 
epithelial elements from the nephrotome. The tumor is in many 
respects similar to the tumor of the kidney reported by Wilms, to 
which it may indeed be related. 

The simultaneous occurrence of multiple tissue or organ mal- 
development has often been noted. This subject has been sum- 
marized by Gruber’ in connection with congenital cysts of the 
pancreas. It is interesting that in addition to the teratoma of the 
bladder, in the case reported here, a cavernous hemangioma of the 
liver and multiple congenital cysts of the head of the pancreas were 
also found. 


SUMMARY AND CONCLUSIONS 


A malignant teratoma of the urinary bladder occurring in a 72 
year old male is described. Its relation to similar tumors mentioned 
in the literature is discussed. It is concluded that the tumor de- 
scribed here falls into that group first considered by Wilms as being 
derived from dysontogenetic rests of the dorsal mesodermal seg- 
ments carried down to the bladder anlage by the caudally growing 
Wolffian duct. 
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PLATE 103 


Fic. 1. Section through a typical area of the tumor showing epithelial and 
stromal elements. x 200. 

Fic. 2. Section through tumor showing epithelial cells simulating an embryonal 
glomerulus. x 400. 


Fic. 3. Section through primary tumor showing condensation of mesenchymal 
stroma to form a nest of embryonal cartilage. x 220. 


Fic. 4. Section through metastatic nodule in lung showing tumor tissue in pul- 
monary artery. All elements of tumor are present — epithelium, mesen- 
chymal stroma and embryonal cartilage. x 110. 
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A LEAD HEMATOXYLIN STAIN FOR AXIS CYLINDERS * 


Frank B. MAttory, M.D. 


(From the Mallory Institute of Pathology, Boston City Hospital, 
Boston, Mass.) 


Hematoxylin and its oxidized derivative hematein have the prop- 
erty of combining with various metals to form colored compounds. 
Some of these are soluble in water or other fluid and some are not. 
A few are valuable as staining reagents and have long been in use in 
the laboratory —as for example the combinations of hematein 
with aluminum, iron, chromium, copper and tungsten. The staining 
properties of the compounds depend both on the metals and on the 
salts of them employed. 

There has always been a need in the technical work of pathology 
for a reliable stain for the axis cylinder processes of ganglion cells. 
The silver stains give beautiful pictures when they work but are 
unsatisfactory to the pathologist because they are unreliable. 

The following method is not perfect but is simple and can be de- 
pended on if the tissue is obtained soon after death and is properly 
fixed. The stain is a combination of unripened hematoxylin with 
lead and is insoluble in water. Therefore the staining method in- 
volves two steps — impregnation of the tissue with lead chloride 
followed by the application of a solution of hematoxylin. The ac- 
companying photomicrographs give an idea of the possibilities of 
the method. 

1. Fix in 1o per cent neutral formalin. 

The tissue should be as fresh as possible and sections of it should 
not be over 3 mm. thick. 

2. Mordant in a saturated aqueous solution of lead chloride 
(slightly over 1 per cent) for 6 weeks at room temperature or for 
7 days in an incubator at 37° C. Change fluid at end of 24 hours 
and once or twice later. 

3. Wash in running water for 24 hours to get rid of the unfixed 
lead chloride so as to prevent precipitation of it by alcohol. 

4. Preserve in 80 per cent alcohol. 

5. Embed in celloidin or paraffin. Celloidin is as a rule preferable 
for the spinal cord; paraffin for sympathetic nerve ganglia. 


* Received for publication April 28, 1936. 
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6. Staining. Excellent results can be obtained by using the fol- 
lowing solution: 
Powdered hematoxylin .................... 1 to 5 mg. 
(an amount approximately the size of a pin- 
head to 4 of a match-head) 
Distilled water rendered alkaline by excess of 
calcium carbonate in the container........ 10 CC. 


Dissolve the hematoxylin in 1 cc. or less of 95 per cent alcohol and 
add to it the alkaline water. The mixture takes on a reddish color. 

The coarser nerve fibers are readily stained in } to 1 hour at room 
temperature. The fine sympathetic nerve fibers require up to 3 
hours in the paraffin oven at about 54° C. in order to stain them 
intensely. 

A more differential stain can be obtained in the following man- 
ner. Put the unstained sections into a weak solution of iodine for 
I minute. 


Wash off in water and extract the iodine more or less completely 
in 2 or 3 changes of 95 per cent alcohol (3 to 5 minutes). Do not 
use sodium thiosulphate. Transfer the sections to water and stain 
as above directed. 

7. Soak the stained sections in several changes of tap water for 1 
to 2 hours to render sharper the blue color. 

8. Dehydrate in alcohol, clear in oleum origani Cretici (xylol for 
paraffin sections) and mount in Canada balsam. 

Results: Axis cylinders sharp blue to bluish black; nuclei blue; 
cytoplasm light to dark blue; neuroglia fibrils dull bluish gray; 
collagen, reticulum and myelin practically colorless; elastic fibers 
variable — colorless to fairly dark blue depending on length of 
staining time. 

Fair results can be obtained by this staining method with sec- 
tions of formaldehyde fixed tissue if they are first mordanted for 
an hour or more in the lead chloride solution and then washed 
thoroughly in several changes of tap water. 

The color of the nerve fibers will be found to deepen a little on 
exposure to light owing probably to ripening of the hematoxylin, 


Distilled water CC. 
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but already ripened hematoxylin can not be used owing to the slow 
formation of a precipitate. 

This method of staining axis cylinders will probably find its chief 
value in the study of lesions of the spinal cord and of peripheral 
nerves. It is unfortunate that elastic fibers are also stained but 
their structure and arrangement will usually prevent confusion and 
they can always be demonstrated in other sections by means of 
Weigert’s resorcin fuchsin method. 
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DESCRIPTION OF PLATES 


PLATE 104 


Fic. 1. Section of a sympathetic ganglion from the celiac nerve plexus showing 
ganglion cells, dendritic processes and sympathetic nerve fibers. x 500. 


Fic. 2. Sympathetic nerve fibers from center of ganglion. x 2250. 
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PLATE 105 


Fic. 3. Small branch of the splanchnic nerve showing myelinated and non- 
myelinated nerve fibers. x 500. 


Fic. 4. Still smaller branch of the splanchnic nerve showing myelinated and 
non-myelinated nerve fibers. x 2250. 
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